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LIST   OF   REAGENTS   AND  APPARATUS 

PROVIDED    FOR    THE    PRACTICAL    EXAMINATIONS    IN    CHEMISTRY 
AT    THE    UNIVERSITY    OF    LONDON. 


Fluid  Reagents. 

IN  6  oz.  STOPPERED  BOTTLES. 

Sulphuric  Acid  (pure  and  dilute). 
Nitric  Acid  (pure  and  dilute). 
Hydrochloric  Acid  (pure  and  dilute). 

The  dilute  acids  should  be  made  by  mixing  one  part  of  the  pure 
acid  with  three  parts  of  water  : 


Sulphuretted  Hydrogen  water. 
Ammonium  Hydrate. 
Ammonium  Chloride. 
Ammonium  Sulphide. 


Ammonium  Carbonate. 
Sodium  Hydrate 
Sodium  Carbonate. 
Barium  Chloride. 


IN  4  oz.  STOPPERED  BOTTLES. 


Sodium  Phosphate. 
Potassium  Ferrocyanide. 
Potassium  Ferricyanide. 
Potassium  Chromate. 
Ammonium  Oxalate. 


Calcium  Sulphate. 
Ferric  Chloride. 
Lead  Acetate. 
Mercuric  Chloride. 
Stannous  Chloride. 
Alcohol. 


IN  2  oz.  STOPPERED  BOTTLES. 
Platinic  Chloride.  Silver  Nitrate.  Cobalt  Nitrate. 


In  4  oz.  STOPPERED  BOTTLES. 
These  reagents  are  for  occasional  use  as  special  testa. 


Hydrofluosilicic  Acid. 
Tartaric  Acid. 
Starch  Paste. 
Potassium  Iodide. 
Potassium  Nitrate. 
Potassium  Cyanide. 
Sodium  Acetate. 


Chloride  of  Soda. 
Magnesium  Sulphate. 
Calcium  Chloride. 
Ammonium  Molybdate. 
Ammonium  Sulphate. 
Chlorine  Water. 
Carbon  Bisulphide. 
Acetic  Acid. 


Dry  Reagents. 

IN  2  oz.  WIDE-MOUTHED  CORKED  BOTTLES. 


Fusion  Mixture. 
Sodium  Carbonate. 
Borax. 
Potassium  Nitrate. 


Potassium  Cyanide. 

Ferrous  Sulphate. 

Calcium  Hydrate  (slaked  lime). 

Black  Oxide  of  Manganese. 


Apparatus. 

Wash-bottle  (page  21). 

Sulphuretted  Hydrogen  apparatus  (page  28). 

(Ferrous  Sulphide  will  be  required  for  this  apparatus). 
2  doz.  test  tubes,  6  x  f  in. 

2  boiling  tubes,  8x1^  in. 
Test-tube  brush. 

Test-tube  stand  to  hold  12  at  least. 

Piece  of  wire  gauze. 

Piece  of  platinum-foil,  2  in.  x  1  in. 

3  inches  platinum  wire. 
Black's  blowpipe. 

6  bulb-tubes. 
3  watch-glasses. 

2  porcelain  evaporating  basins,  2  oz.  and  4  oz. 

3  funnels,  two  2-in.  and  one  3-in. 
Filtering  papers. 

Bunsen  burner,  or  1  spirit  lamp,  4  oz. 

Pair  of  brass  or  iron  crucible  tongs. 

Wedgewood  ware  mortar  and  pestle,  4  oz.  at  least. 

£  Ib.  tubing  and  rod,  various. 

Pieces  of  charcoal  for  blowpipe  work. 

Litmus  and  Turmeric  papers. 

In  the  absence  of  a  local  vendor  of  apparatus  the  address  of  a 
large  firm,  as  Messrs.  Burgoyne  &  Co.,  16  Coleman  Street,  London, 
E.G.,  may  be  useful. 

Messrs.  W.  B.  CLIVE  &  Co.,  13  Booksellers  Row,  Strand,  W.C.,  to 
meet  the  requirements  of  the  Inter.  Sc.  and  Prelim.  Sci.  Examina- 
tion of  London  University,  keep  in  stock — 

A  Set  of  Apparatus  at  10s.  6d.  or  21s., 

A  Set  of  Reagents  at  21s., 

A  Selection  of  suitable  Salts  for  Analysis  at  5s., 

but  do  not  supply  single  pieces  of  apparatus,  or  chemicals  out  of 
their  sets. 


PEE  F  AC  E. 


EVERY  ONE  who  has  tried  to  do  practical  work  in  Science 
with  no  resources  but  his  own  knows  too  well  the  diffi- 
culties which  very  frequently  crop  up,  and  which,  though 
seemingly  insuperable  to  him.  may  be  cleared  up  in  a 
minute  or  two  by  a  teacher. 

With  very  little  preliminary  ocular  demonstration,  it  is 
hoped  that  students  will  be  able  to  work  their  way  through 
this  book — ability  to  analyse  a  simple  salt  may  be  de- 
rived from,  it  without  being  involved  in  the  tedious 
complications  which  arise  from  simultaneous  methods 
of  analysis  of  mixtures  as  set  out  in  most  books.  Never- 
theless, there  is  nothing  in  this  book  to  be  unlearned  if 
the  student  proceeds  to  more  advanced  work,  which,  with 
the  good  foundation  that  may  be  derived  from  our 
chapters  and  tables,  should  be  no  difficult  task.  No 
attempt  has  been  made  to  render  this  a  cram  book,  on 
the  other  hand  its  treatment  of  the  subject  is  somewhat 
liberal,  and  aims  at  giving  the  student  an  intelligent  grasp 
of  the  principles  of  the  subject.  Its  size  is  greater  than 
that  of  the  usual  run  of  elementary  books  on  analysis,  but 
this  is  mainly  due  to  the  detailed  explanation  so  necessary 
for  those  who  can  get  little  or  no  assistance  from  a  teacher. 

DIRECTIONS. 

The  student  is  advised  to  learn  the  tests  for  each  metal 
•and  acid  before  performing  the  experiment,  and  to  regard 
the  one  numbered  in  dark  type  as  of  special  importance ; 
it  is  to  be  used  as  the  confirmation  of  his  inference  derived 
from  the  systematic  analysis  described  in  Chapter  IV. 
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Most  people  find  it  interesting  to  work  through  the 
systematic  table  for  each  group  before  proceeding  to  the 
next,  and  this  is  in  no  way  injurious. 

The  following  should  be  taken  as  the  golden  rules  of 
analysis  : — 

Use  small  quantities  of  the  substance  to  be  tested, 
even  if  you  have  a  large  stock  of  it  at  your  disposal ;  other- 
wise reactions  will  often  be  masked,  especially  those 
performed  in  the  dry  way.  If  you  have  only  a  small 
allowance,  treasure  it,  and  always  keep  some  in  reserve  to 
fall  back  upon. 

Work  systematically,  avoid  making  random  shotsr 
and  record  your  processes  and  results  in  an  orderly 
way. 

Do  not  assume  what  you  think  ought  to  have  happened 
if  it  does  not ;  the  basis  of  your  expectation  may  be 
erroneous,  and  in  laboratory  practice  should  be  confirmed,, 
though  it  is  foolish  to  follow  up  an  unsatisfactory  result 
in  an  examination. 

Make  a  note  of  seeming  discrepancies  of  results : 
you  will  probably  find  the  explanation  later  yourself. 

Get  some  one  to  test  you  frequently :  any  one  may  do 
this  roughly  by  furnishing  you  with  a  numbered  test  tube 
or  packet,  of  which  the  contents  is  known  to  them. 
Remember  that  it  is  permissible  for  an  examiner  to  try 
your  skill  on  a  base  or  an  acid  alone,  or  even  on  aqua 
purissima. 

Keep  your  test  tubes  and  vessels  scrupulously 
clean.  Wash  them  and  your  platinum  wire  at  the  end 
of  your  work  each  day ;  try  the  wire  alone  in  the  flame 
before  using  it. 

Be  exact  in  carrying  out  the  directions  givsn. 
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QUALITATIVE  Analysis  has  for  its  object  the  deter- 
mination of  the  number  and  nature  of  the  constituents  of 
substances  without  reference  to  their  proportions. 

Usually  it  has  reference  to  the  examination  of  sails,  i.e., 
combinations  of  acids  and  bases,  and  in  such  cases  the 
problem  involved  is  the  determination  of  the  particular 
base  and  acid  present  in  any  given  substance.  Thus  we 
examine  substances  to  determine,  not  directly  what 
elements  are  present,  bat  what  metals  and  what  acid 
radicles — the  latter,  of  course,  being  usually  groups  of 
elements. 

In  determining  the  metal  or  metals  present  in  a  given 
substance  we  submit  a  portion  of  the  substance  to  the 
action  of  various  reagents.  These  reagents  are  applied  in 
the  dry  way,  e.g.,  before  the  blowpipes,  or  in  the  wet  way, 
i.e.,  in  the  state  of  solution.  The  latter  method  is  the 
more  important.  Usually,  the  phenomenon  which  we  take 
advantage  of  in  detecting  any  substance  is  the  formation 
of  a  precipitate,  when  solutions  of  certain  bodies  are  brought 
together.  The  formation  of  a  precipitate,  of  course,  is 
due  to  the  interaction  of  the  substances  in  solution  giving 
rise  to  the  production  of  some  new  compound  which  is 
insoluble,  or  only  slightly  soluble,  in  water. 

Reagents  are  divided  into  Group  reagents  and  special 
reagents.  The  former  are  those  which  produce  a  similar 
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general  result  with  several  metals — e.g.,  Hydrochloric 
acid  gives  a  white  precipitate  with  either  silver,  mercury, 
or  lead,  and  is  therefore  the  group  reagent  for  those  metals. 

Special  reagents  are  those  which  we  make  use  of  for 
confirming  the  presence  or  absence  of  a  certain  metal. 
In  applying  reagents  to  a  body  to  be  analysed,  it  is  of  the 
utmost  importance  that  they  should  be  used  in  a  systematic 
order;  otherwise  altogether  erroneous  results  may  be 
obtained. 

The  group  reagents  usuallyemployed  are  the  following: — 
Hydrochloric  acid  ;  Sulphuretted  hydrogen  in  presence  of 
hydrochloric  acid  ;  Ammonia  in  presence  of  ammonium 
chloride  ;  Ammonium  sulphide  in  presence  of  ammonia 
and  ammonium  chloride;  Ammonium  carbonate  in  presence 
of  ammonia  and  ammonium  chloride,  applied  in  the  above 
order. 

The  metals  are  usually  divided  into  six*  groups, 
according  to  their  behaviour  with  the  above  reagents. 

Group  I.  comprises  those  metals  whose  chlorides  are 
insoluble  in  water,  and  which,  therefore,  are  precipitated 
by  hydrochloric  acid  (or,  indeed,  by  any  soluble  chloride). 
They  are  Silver,  Lead,  and  Mercury (ous). 

Group  II.  comprises  those  of  the  remaining  metals  whose 
sulphides  are  insoluble  in  hydrochloric  acid,  and  which, 
therefore,  are  precipitated  by  sulphuretted  hydrogen  in 
presence  of  that  acid.  They  are  Mercury  (ic),  Lead, 
Bismuth,  Copper,  Cadmium,  Tin,  Antimony,  and  Arsenic. 

Group  III.  includes  those  of  the  remaining  metals  whose 

*  These  divisions  and  the  groop  reagents  must  be  perfectly 
familiarised  before  commencing  systematic  analysis. 
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hydrates  are  insoluble  in  water  and  in  ammonium  chloride 
solution,  and  which,  therefore,  are  precipitated  by  ammonia 
in  presence  of  ammonium  chloride.  They  are  Iron, 
Chromium,  and  Aluminium. 

Group  IV".  consists  of  those  of  the  remaining  metals  whose 
sulphides  are  insoluble  in  water,  and  which,  therefore,  are 
precipitated  by  ammonium  sulphide  in  alkaline  solutions. 
They  are  Nickel,  Cobalt,  Manganese,  and  Zinc. 

Group  V.  includes,  of  the  remaining  metals,  those  whose 
carbonates  are  insoluble  in  water  and  ammonium  salts, 
and  which,  therefore,  are  thrown  down  by  ammonium 
carbonate  in  presence  of  ammonium  chloride.  They  are 
Barium,  Strontium,  and  Calcium. 

Group  VI.  comprises  the  remaining  metals  for  which 
there  is  no  general  reagent.  They  are  Magnesium,  Potas- 
sium, Sodium,  and  Ammonium. 

Special  notice  should  be  taken  of  the  words  "  of  the 
remaining  metals,"  which  appear  so  often  in  the  above 
account.  Group  IV.,  for  example,  does  not  consist  of  all 
the  metals  which  are  precipitated  by  ammonium  sulphide 
in  alkaline  solutions,  but  only  of  those  remaining  after 
the  removal  of  Groups  I.,  II.,  and  III.,  which  are  thus 
precipitated. 

After  determining  the  group  to  which  a  metal  belongs, 
the  next  thing  is  to  find  which  of  the  several  metals  in 
that  group  it  is.  Advantage  is  taken  of  the  slight  diffe- 
rences in  the  properties  of  the  similar  compounds  of 
different  metals  existing  in  the  same  group — e.g.,  as  to 
colour,  solubility  in  various  reagents,  &c. — in  order  to  settle 
this  question;  and,  finally,  the  answer  is  confirmed  and 
substantiated  by  the  application  of  a,  special  or  confirmatory 
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test.  In  testing  for  the  acid  radicles  the  splitting  up  of 
the  various  acids  into  groups  cannot  be  so  fully  carried 
out,  and  more  importance  is  to  be  attached  to  confirmatory 
or  special  reactions. 

It  must  be  carefully  borne  in  mind  that  analysis  is 
founded  upon  a  knowledge  of  the  properties  of  the  metals 
and  acids,  and  is  really  an  application  of  such  chemical 
knowledge  to  the  question  in  hand.  The  student  should, 
therefore,  in  all  cases  endeavour  to  clearly  understand  the 
chemical  changes  which  are  produced  in  the  various 
operations  of  chemical  analysis.  To  this  end  he  will  derive 
great  advantage  by  making  it  a  rule  to  express  by  means 
of  equations  the  various  reactions  which  he  performs. 
These  equations  should  be  written  in  a  note-book  at  the 
time  the  experiments  are  being  made  in  the  laboratory. 

It  will  be  found  that  almost  all  reactions  made  use  of 
in  analysis  are  examples  of  metathesis  or  double  decom- 
position, e.g.,  the  interchange  of  acids  and  bases  —  thus 
barium  chloride  and  sodium  sulphate  give  us  sodium 
chloride  and  barium  sulphate,  the  latter,  being  insoluble 
in  water,  is  thrown  down  as  a  white  precipitate. 

l2  =  BaS04  +  2NaCl. 


Such  reactions,  of  course,  present  little  difficulty,  but 
the  practice  of  writing  the  equations  should  be  adhered  to, 
even  in  simple  cases,  as  by  this  means  the  student  acquires 
a  valuable  familiarity  with  the  valency  of  metals  and  the 
basicity  of  acids. 
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CHAPTER    I. 


IXTROD  VCTOR Y  EX.  PERIMENTS. 

To  bend  a  piece  of  glass  tubing. — Take  a  piece 
of  -j^-iuch  soft  tubing,  and  hold  it  horizontally  in  the 
upper  part  of  an  ordinary  luminous  gas  flame,  with  its 
length  in  the  plane  of  the  flame.  Turn  the  tubing  slowly 
round  and  round  so  as  to  heat  it  uniformly.  When  it 
begins  to  soften,  remove  it  from  the  flame  and  bend  it 
slowly  and  carefully  to  the  required  shape.  Allow  to  cool, 
and  then  remove  the  coating  of  soot  from  the  bend. 

To  cut  narrow  glass  tubing  with  a  file. — Take  a 
piece  of  glass  tubing  and  lay  it  on  a  table.  Taking  hold 
of  it  with  the  finger  and  thumb  of  the  left  hand  near  the 
point  where  it  is  to  be  cut,  draw  one  edge  of  a  sharp 
triangular  file  once  across  it,  from  heel  to  point.  The  tube 
can  now  be  broken  by  forcibly  attempting  to  bend  it  away 
from  the  file-scratch,  and  at  the  same  time  trying  to  pull 
it  apart.  The  cat  ends  must  then  have  their  sharp  edges 
rounded  by  holding  the  tube  vertically  in  the  Bunsen 
flame,  until  the  flame  is  coloured  strongly  yellow  by  the 
sodium  of  the  glass. 

To  draw  out  a  piece  of  glass  tubing  ;  to  make  a  jet. 

• — Take  a  short  piece  of  tubing  and  heat  the  middle  portion 
in  a  small  blowpipe  flame,  supporting  each  end  of  the 
tube  with  the  fingers,  and  continually  turning  it  round  so 
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as  to  equally  heat  all  sides ;  when  the  tube  is  quite  soft, 
remove  it  from  the  flame  and  slowly  draw  it  out.  The 
more  slowly  it  is  drawn  out,  the  more  gradually  will  the 
tube  taper  towards  the  centre.  Then  with  a  file  cut  the 
tube  at  a  suitable  point,  round  oft  the  cut  ends  in  the 
flame,  and  the  jet  is  ready  for  use. 

To  make  a  bnlb  tube. — Take  a  piece  of  T\-inch  tubing, 
about  6  inches  long,  and  heat  one  end  in  the  blowpipe 
flame  until  it  is  completely  closed  and  rounded  off.  Before 
this  rounded  end  becomes  too  thick,  take  it  out  of  the 
flame,  and,  holding  the  tube  vertical,  blow  into  it  steadily, 
but  not  too  strongly,  until  a  small  bnlb  is  blown  at  the 
heated  end. 

Use  of  Spatula. — It  is  often  necessary  to  take  a  small 
quantity  of  some  solid  substance  out  of  a  bottle.  For  this 
purpose  the  spatula — an  instrument  very  like  a  small  table- 
knife — is  used.  A  small  bone  or  ivory  paper-cutter 
answers  the  purpose  very  well.  The  blade  of  a  penknife 
is  sometimes  used,  but  the  use  of  iron  or  steel  is  objection- 
able. A  platinum  spatula  is  the  best  to  use. 

To  fix  a  platinum  wire  in  a  glass  holder. — Take 
6  inches  of  narrow  glass  tubing  and  draw  it  out  a  little  in 
the  middle.  Cut  in  two  at  the  middle  of  the  drawn-out 
part.  Into  the  narrow  cut  end  insert  a  piece  of  platinum 
wire  about  2  inches  long ;  then  hold  this  end  in  the  flame 
until  the  glass  closes  round  the  wire.  A  piece  of  glass  rod 
makes  a  better  holder.  Draw  the  rod  out  and  cut  in  two 
as  described  above.  Then  hold  the  narrow  end  of  the  rod 
in  the  flame  until  it  is  quite  soft,  and  insert  the  piece  of 
platinum  wire  into  the  soft  end.  The  free  end  of  the  wire 
should  be  bent  into  a  loop  or  coiled  into  a  small  flat 
spiral. 

The  platinum  wire  thus  mounted  will  be  in  frequent  use 
for  flame  tests,  and  should  be  kept  dipping  in  hydrochloric 
aci«l  in  a  test  tube.  This  can  be  done  by  fitting  the  holder 
with  a  cork  which  fits  into  the  mouth  of  the  test  tube. 
Kept  in  this  way  the  wire  is  always  clean. 
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Flame  tests. — fl)  Place  a  small  quantity  of  solid 
sodium  carbonate,  Na.2CO3,  on  a  watch-glass.  Lift  a  small 
portion  of  it  with  the  loop  of  the  platinum  wire,  and  hold 
in  the  lower  outer  part  of  the  Bunsen  flame.  The  flame 
shows  an  intense  yellow  colour  characteristic  of  sodium 
compounds.  Clean  the  wire  by  holding  it  in  the  flame 
until  all  trace  of  the  yellow  coloration  disappears.  Then 
wasn  it  in  dilute  HC1  and  again  heat  it. 

(2)  Take  some  barium  hydrate  (or  any  barium  salt)  and 
heat  it  in  the  same  way.     The  flame  is  of  a  yellowish  green 
colour,  but  possibly  not  very  intense.     Pour  a  few  drops  of 
HC1  into  a  watch-glass,  dip  the  loop  of  the  wire  in  it,  and 
take  up  with  the  moistened  wire  a  few  particles  of  the  salt. 
On  now  placing  the  wire  in  the  flame  the  yellowish  green 
coloration  will  be  much  more  intense.     Now  clean  the  wire 
by  alternately  dipping  it  in  HC1  and  heating  it  in  the 
flame.     For  a  time  the  effect  of  this  is  merely  to  increase 
the   intensity    of   the  coloration,  but   after  some  time  it 
becomes  fainter,  and  by  using  fresh  acid  once  or  twice  the 
wire  can  be  thoroughly  cleaned.     Barium  compounds  are 
the  most  difficult  to  remove  from  the  wire. 

(3)  Take  some  strontium  nitrate  and  treat  in  the  way 
described  above.     The  flame  is  coloured  an  intense  crimson. 
Moistening   with    HC1   makes    the    flame   more   intense. 
Clean  the  wire,  wash  it  and  put  it  away  in  a  corked  test 
tube  or  bottle. 

Borax  bead  reactions. — Borax,  being  an  acid  borate, 
Na2B4O7  =  2NaB0.2  .  B2O3,  has  the  power  of  displacing 
other  (volatile)  acids  from  metallic  salts,  so  forming 
fusible  borates.  These  borates,  in  the  case  of  many  metals, 
possess  distinctive  colours,  and  so  afford  valuable  tests. 

(1)  Take  a  piece  of  platinum  wire  fitted  with  a  glass 
handle,  as  already  described,  but  without  a  loop  at  the 
end,  heat  in  the  Bunsen  flame,  and  dip  into  powdered 
borax.  Some  of  the  salt  will  adhere  to  the  wire.  Again 
heat  the  wire,  when  the  borax  upon  it  will  first  "  in- 
tumesce,"  i.e.,  swell  up  from  the  escape  of  its  water  of 
crystallization,  and  then  fuse  quietly  to  a  clear,  colourless 
bead.  Now  take  a  small  quantity  of  a  manganese  com- 
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pound  e.g.,  MnS04  or  Mn02,  and  bring  it  into  contact 
with  tlie  bead,  and  again  heat  in  the  outer  part  of  the 
Bunsen  flame,  a  characteristic  purple  or  amethyst  colour 
will  be  produced.  If  now  the  air-holes  at  the  base  of  the 
lamp  be  partially  closed,  so  as  to  produce  a  slight  luminous 
appearance  in  the  upper  central  portion  of  the  flame,  and 
the  bead  be  heated  in  this  flame  ("  reducing  flame "), 
since  there  is  an  excess  of  coal-gas  there,  the  oxide  of 
manganese,  existing  as  borate,  in  the  bead  will  be  re- 
duced to  a  lower  state  of  oxidation,  and  the  bead  will, 
when  cooled  (best  in  the  coal-gas  at  the  centre  of  the  base 
of  the  Bunsen  flame),  be  found  to  be  colourless.  Treated 
in  a  similar  way,  Chromium  compounds  give  a  greenr  bead 
in  either  flame ;  Iron,  a  reddish  yellow  in  the  oxidizing, 
greenish  yellow  in  the  reducing  flame  ;  Cobalt,  a  bright  Hue 
in  either  flame,  &c.,  &c.  In  all  cases  only  a  very  small 
quantity  of  the  substance  to  be  tested  must  be  used, 
otherwise  the  colour  produced  is  too  dark  to  be  recog- 
nisable. 

The  Blowpipe.  —  To  acquire  the  proper  use  of  the 
blowpipe  will  necessitate  a  good  deal  of  practice.  A  con- 
tinuous blast  of  air  must  be  kept  up  ;  for  this  purpose  it 
is  necessary  to  blow  without  interfering  with  the  breath- 
ing. The  secret  of  doing  so  is  to  use  the  cheeks  to  blow 
with,  and  to  breathe  through  the  nose.  If  the  cheeks  be 
blown  out,  it  will  be  found  that  air  can  be  forced  out  of 
the  mouth  by  contraction  of  the  cheeks  at  the  same  time 
as  inspiration  is  effected  through  the  nose.  By  continued 
practice  this  may  be  done  continuously.  When  blowing 
continuously,  however,  since  the  air  is  forced  out  of  the 
mouth  by  the  pressure  of  the  cheeks — not  by  their  con- 
traction— they  must  be  kept  distended.  It  is  not  necessary 
to  blow  hard  :  a  very  gentle  blast  suffices. 

To  obtain  the  blowpipe  flame,  the  air-holes  at  the 
bottom  of  a  Bunsen  burner  are  closed  so  as  to  give  a 
smoky  luminous  flame,  and  the  blast  of  air  from  the 
nozzle  of  the  blowpipe  is  then  directed  across  this  flame 
so  as  to  produce  a  long  straight  pointed  flame.  It  is  used 
for  observing  the  effects  of  a  very  high  temperature  on 
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different    substances,    and  in  some  cases  to  effect  their 
oxidation  or  reduction. 

To  oxidize  a  substance  it  is  heated  in  the  outer  flame — 
that  is,  at  the  tip  of  the  blowpipe  flame.  To  effect  reduc- 
tion, the  inner  flame  must  be  used: — that  is,  the  substance 
is  heated  in  the  centre  of  the  blowpipe  flame,  which  for 
this  purpose  must  show  a  small  luminous  streak  in  the 
centre. 

Experiments  with  the  blowpipe. — (1)  Take  a  piece 
of  hard  charcoal  and  scrape  a  small  groove  near  one  end. 
In  this  groove  place  a  small  quantity  of  litharge  (lead 
oxide)  and  direct  on  it  a  reducing  flame.  In  a  short  time 
it  will  melt,  and  if  the  heating  be  continued  long  enough 
a  globule  of  lead  will  remain  on  the  charcoal.  This  is  ah 
example  of  reduction  effected  by  the  reducing-flame  and 
the  charcoal. 

(2)  Take  some  potassium  nitrate,  KNOS,  and,  having 
placed  it  on  charcoal  as  described  in  (1),  bring  the  blow- 
pipe flame  to  bear  on  it.     It  suddenly  flares  up,  and  burns 
a  portion  of  the  charcoal  with  it.     This  is  deflagration. 

(3)  Take     weights    of    powdered    sodium    carbonate, 
Na2C03,  and  potassium   carbonate.   K2COS,  proportionate 
to  their  molecular  weights,  and  mix  them  thoroughly. 
This    mixture   is    known   as  fusion  mixture,  and    should 
be  kept  ready  for  use.     Take  a  small  quantity  of  litharge 
(lead  oxide),  mix  it  with  three  or  four  times  its  weight 
of  fusion   mixture,    and    heat   the    mixture    on   charcoal 
before   the   blowpipe.     The   mass  fuses,  and  in  a   short 
time     small    globules    of   lead   appear   and   are    readily 
fused    into    one   large   globule.      The  use  of  the  fusion 
mixture  is  twofold — it  prevents  the  fused  litharge  from, 
being  absorbed  by  the  charcoal,  aud  the  fusion  and  reduc- 
tion are  more  easily  effected  than  in  experiment  (1).    The 
fusion  mixture  here  acts  as  a,  flux. 

Note. — When  a  substance  is  to  be  reduced,  it  should  be 
heated  on  charcoal,  with  some  suitable  flux,  in  the  reducing 
flame.  If  oxidation  is  to  be  effected,  it  should  be  heated 
on  the  platinum  wire,  or  on  a  piece  of  platinum  foil  in  the 
oxidising  flame. 
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(4)  Take  some  zinc  oxide,  ZnO,  mix  it  carefully  with 
fusion  mixture,  and  heat  on  charcoal  before  the  blowpipe. 
The  oxide  is  reduced  to  the  metallic  state,  and  zinc,  being 
volatile,  burns  on  passing  through  the  outer  flame  with 
a  bluish  green  flame,  forming  the  oxide  which  is  deposited 
on  the  charcoal  in  the  form  of  an  incrustation,  which  is 
yellow  when  hot  and  white  when  cold.     Now  moisten  the 
mass  with  a   few  drops  of  cobaltous  nitrate,  and  again 
heat  in  the  outer  flame.     The  mass  now  assumes  a  fine 
green  colour. 

(5)  Take  a  small  quantity  of  tin  oxide,  and  mix  it  with 
powdered  potassium  cyanide,  KCy ;    place  the    mixture 
on  charcoal,  and  cover  it  over  with  a  little   KCy,   then 
heat  before  reducing  blowpipe   flame.     The  tin   oxide  is 
quickly  reduced,  and  small  globules  of  metallic  tin  are 
obtained.     Substances    that   are   not   easily    reduced  by 
charcoal  alone  are  readily  reduced  in  the  presence  of  KCy, 
owing   to   the    tendency  of  that   compound   to   take  up 
oxygen  or  sulphur  to  form  KCNO  or  KCNS. 

(6)  Powder  some  copper  sulphate,  and  mix  it  with  five 
or    six   times    its    weight  of  fusion  mixture.     Heat   the 
mixture  on  charcoal  before  the  inner  blowpipe  flame.    The 
mass  fuses,  and  the  CuS04  is  reduced  to  metallic  copper, 
which  is  too  infusible   to   be  fused  into  a  globule,  and 
therefore  remains  on  the  charcoal  as  small  reddish  par- 
ticles or  scales  which  are  not  easily  detected.     Allow  the 
mass  to  cool,  remove  it  from  the  charcoal  together  with 
the  crust  of  underlying  charcoal,  and  place  the  whole  in  a 
small   mortar.  •    Powder  it  very  finely,   and  transfer  the 
powder  to  a  small  beaker.     Pour  on  some  water,  and  stir 
the  whole  for  some  time  ;  on  standing,  the  metallic  par- 
ticles sink  quickly,  so  that  if  the  water  be  poured  off  after 
a  short  time  the  copper  will  be  found  as  a  powder  at  the 
bottom  of  the  beaker,  and  may  be  recognised  by  the  effect 
of  adding  a  few  drops  of  nitric  acid.     Iron  compounds 
may  be  similarly  dealt  with,  and  the  iron  particles  are 
readily  detected  by  means  of  a  magnet. 

Sublimation. — (1)   Take  some  ammonium  carbonate, 
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and  place  a  small  quantity  in  the  bulb  of  a  bulb-tube. 
Holding  the  stem  of  the  tube  with  a  pair  of  crucible 
tongs,  heat  the  substance  in  the  Bunsen  flame.  It 
gradually  disappears  from  the  bulb  and  condenses  as  a 
white  sublimate  in  the  upper  part  of  the  tube. 

(2)  Take  some  white  arsenic,  As2O3,  and  heat  in  a  bulb- 
tube.  A  glittering  white  sublimate  of  As203  in  octahedral 
crystals  is  obtained  in  the  upper  part  of  the  tube.  Mix 
some  As2O3  with  KCy  and  powdered  charcoal,  and  heat 
the  mixture  in  a  bulb-tube.  A  brilliant  black  metallic 
mirror  of  arsenic  is  obtained  in  the  upper  part  of  the  tube. 

To  make  a  Wash-Bottle. — Take  a  16-oz.  flask,  either 
of  the  ordinary  round  form  or,  better,  of  the  conical  shape, 
fit  it  with  a  good  cork  or  indiarubber  stopper,  in  which 


bore  two  holes,  in  the  first  case  by  means  of  a  round  file, 
in  the  case  of  the  rubber  cork  by  a  sharp  cork- borer 
moistened  with  alcohol.  Then  fit  two  pieces  of  tubing 
bent  as  shown  in  the  figure,  taking  care  to  round  off  the 
ends  in  the  flame,  and  that  the  tube  n  ends  very  close  to 
the  bottom  of  the  flask ;  to  the  end  n  of  the  longer  tube 
fit  a  piece  (about  1|  inches)  of  narrow  (|-in.  diam.)  india- 
rubber  tubing,  carrying  at  the  other  end  a  short  piece 
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(about  1  inch)  of  glass  tubing  drawn  out  to  a  jet.  The 
wash-bottle  is  to  be  nearly  filled  with  distilled  water, 
which  can  be  expelled  by  blowing  down  the  tube  m,  and 
the  fine  stream  issuing  from  the  jet  can  be  directed  in  any 
desired  direction  by  the  flexibility  of  the  rubber  tubing. 
The  wash-bottle  is  used  chiefly  for  washing  precipitates 
on  filters  and  as  a  reservoir  of  pure  water  for  general 
purposes. 

To  test  the  solubility  of  substances. — (1)  Take 
some  Epsom  salts,  MgSO4,  and  with  a  spatula  place  a  very 
small  quantity  of  it  in  a  dry  test  tube.  Half  fill  the  test  tube 
with  water  from  the  wash-bottle,  using  the  jet  of  water  to 
wash  all  traces  of  the  salt  down  the  sides  of  the  tube. 
Close  the  tube  with  the  thumb,  and  shake  up  the  solution. 
It  will  then  be  found  that  all  the  substance  has  dissolved. 

(2)  Take  a  small  quantity  of  lead  chloride,  PbClj,  and 
attempt  to  make  a  solution  of  it  in  the  way  described 
above.     It  will  be  found  that  this  salt  does   not  dissolve 
readily  in  cold  water.     Now  hold  the  test  tube  in  the 
Bunsen  flame  so  as  to  boil  the  water.     The  lead  chloride 
soon  dissolves,   and  a  clear  solution  is  obtained.     Allow 
this  solution  to  stand  and  cool — the  lead  chloride  again 
crystallizes  out. 

(3)  Take  some  barium  hydrate  and  attempt  to  make  a 
solution  as  above.     It  will  be  found  that  this  substance  is 
apparently  insoluble  in  both  hot  and   cold  water.     Take 
some  red  litmus  paper  and  test  the  solution,  it  will  be 
found  to  give  a  strong  alkaline  reaction,  thus  showing 
that  a  solution  has  been  obtained,  and  that  barium  hydrate 
is  slightly  soluble  in  water.     Also,  place  a  few  drops  of  the 
solution  on  a  piece  of  clean  platinum  foil  and  heat  over 
the  Bunsen  flame.     A  small  white  speck  is  left  on  the  foil 
showing  that  the  solution  contained  some  solid  substance. 

(4)  Take   some  pure    barium    carbonate  and  treat  as 
above.     It  will  be  found  insoluble  in  water  (unless,  as  is 
frequently  the  case,  it  contains  traces  of  the  hydrate.) 
Take  a  fresh  quantity  of  the  substance  in  a  test  tube  and 
pour  in  some   dilute  hydrochloric  acid,  HC1.     The  car- 
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bonate  rapidly  dissolves  with  effervescence,  carbonic  acid 
gas,  C02,  being  evolved. 

Precipitation  is  the  basis  of  testing  in  the  wet  way. 
One  of  Berth ol let's  laws  of  double  decomposition  may  be 
enunciated  thus : — 

"  Two  substances  in  solution  will  always  decompose 
each  other  if  it  be  possible,  by  double  decomposition,  to- 
produce  another  substance  less  soluble  than  either  of  the 
original  substances." 

This  law  expresses  the  principle  of  testing  by  precipi- 
tation. For  example,  take  a  solution  of  barium  chloride 
in  a  test  tube  and  add  to  it  a  small  quantity  of  a  solution 
of  magnesium  sulphate,  MgS04.  The  following  double- 
decomposition  is  possible : — 

BaCl.2-f  MgSO4  =  BaSO4  +  MgCl2. 

(soluble) 

Now  barium  sulphate,  BaS04,  is  quite  insoluble  in  water 
and  acids,  and  therefore  the  reaction  takes  place  and  a 
white  precipitate  of  BaS04  is  produced. 

This  reaction  now  furnishes  us  with  a  test  for  the 
detection  of  barium  compounds  and  also  for  sulphates  ;  for- 
the  test  is  based  on  the  insolubility  of  BaS04.  and  may 
therefore  indicate  Ba  or  H2S04,  but  has  nothing  to  do 
with  Mg  or  HC1.  A  consideration  of  the  reaction  given 
below  will  further  explain  this  : — 

Ba  (N03)2  +  Na2S04  =  BaSO4  +  2NaNO8. 

(soluble) 

Substances  employed  in  systematic  analysis  for  the 
detection  of  other  substances  are  called  reagents. 

Solutions  of  gases  or  of  solids,  with  other  liquids  so 
employed,  are  called  "wet"  reagents;  those  used  in  the 
solid  form,  "dry  "  reagents.  Solutions  used  as  wet  reagents 
should  not  be  too  concentrated. 

Filtration. — To  fold  a  filter  paper — If,  as  is  usually  the 
case,  the  precipitate  is  required  as  well  as  the  clear  liquid, 
an  ordinary  plain  filter  answers  best.  In  cases  where  the 
amount  of  precipitate  is  only  small,  and  the  filtrate  is  the 
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portion  desired,  a  ribbed  or  folded  filter  should  be  used, 
as  the  liquid  flows  through,  such  a  paper  much  more 
quickly  than  through  a  plain  filter. 

To  fold  a  plain  filter. — Take  a  circular  piece  of  filter- 
ing paper  of  the  requisite  size,  and  fold  it  in  half. 
Then  again  fold  it  in  half,  so  as  to  form  a  quadrant. 
Now  open  it  in  such  a  way  that  a  cone  of  paper  is  formed 
having  one  thickness  of  paper  on  one  side  and  three  thick- 
nesses on  the  other.  Take  a  plain  funnel  (i.e.,  not  a  fluted 
one)  having  an  angle  of  60°  at  the  apex,  and  fit  the  filter 
paper  carefully  into  it,  and  moisten  the  paper  with  Avater. 
The  paper  should  be  in  contact  with  the  glass  in  every 
part,  and  ought  in  all  cases  to  be  small  enough  to  go 
entirely  into  the  funnel,  and  leave  a  small  portion  of  the 
glass  uncovered  all  round  its  upper  edge. 

If,  as  sometimes  happens,  the  angle  of  the  funnel  is  not 
exactly  60°,  it  will  be  found  that  the  paper  will  not  fit 
accurately  to  the  glass.  In  this  case,  fold  the  filter  paper 
the  second  time  not  exactly  in  half,  and  open  the  smaller 
or  larger  side  according  to  whether  the  angle  of  the  funnel 
is  less  or  greater  than  60°. 

A  little  care  in  folding  and  fitting  the  paper  to  the 
funnel  is  well  repaid  by  the  greater  rapidity  with  which 
the  liquid  will  flow  through ;  and,  since  filtration  is  the 
most  tedious  operation  in  analytical  work,  any  means  by 
by  which  it  can  be  facilitated  is  well  worth  attention. 

Certain  precipitates — e.g.,  silver  chloride — filter  easily 
and  rapidly  in  the  usual  way,  whilst  others — e.g.,  alu- 
minium or  ferric  hydrate**—  filter  very  slowly  by  the 
ordinary  method.  In  order  to  increase  the  rapidity  of 
filtration  in  such  cases,  the  following  arrangement  may 
be  used : — 

The  funnel  and  filtering  paper  are  arranged  as  already 
described,  but,  instead  of  allowing  the   filtrate  to   drop 
directly  from  the  funnel  into  the  test  tube  or  other      n 
vessel,  fit  to  the  lower  end  of  the  funnel,  by  means     .  U 
of  a  short  length  of  indiarubber  tubing,  a  piece  of 
narrow  glass  tube  bent  round  upon  itself,  near  its 
upper  extremity,  as  in  the  diagram : — 
The  bend  insures  that  the   liquid   shall   entirely  fill  the 
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tube,  and  there  is  therefore  formed  an  unbroken  column 
of  liquid  in  the  lower  part  of  the  tube,  and  this  column 
by  its  weight,  reduces  the  pressure  on  the  lower  side  of 
the  filter  paper,  and  hence  very  greatly  increases  the  rate 
of  filtration.  In  using  this  arrangement  it  is  important 
that  the  paper  fits  closely  to  the  funnel,  otherwise  channels 
are  formed  for  the  admission  of  air,  which,  of  course, 
altogether  spoils  the  action  of  the  long  tube  in  reducing 
the  pressure  below  the  paper.  The  tube  should  be  of  as 
great  a  length  as  the  filter-stand  will  allow  of,  but  a  length 
of  a  few  inches  has  a  remarkable  effect  in  accelerating 
filtration,  especially  of  gelatinous  precipitates  like  ferric 
hydrate,  a  precipitate  which  is  most  tedious  to  filter 
by  ordinary  means.  In  making  the  bend  in  the  tube, 
it  will  be  found  best  to  heat  the  tube  at  the  proper  place 
in  a  large  flat  flame,  and,  holding  each  end  of  the  tube 
in  the  fingers,  when  the  portion  in  the  flame  becomes 
quite  soft,  to  bring  the  hands  near  together,  at  the  same 
time  giving  one  hand  a  slight  twist.  A  loop  will  thus  be 
formed,  in  a  similar  manner  to  the  forming  of  a  loop  in  a 
short  piece  of  string,  if  it  be  held  by  one  hand  at  each  end, 
and  the  hands  be  then  brought  nearer  together.  A  little 
practice  will  make  this  clearer  than  any  amount  of  de- 
scription. 

To  fold  a  pleated  or  folded  filter  paper.  —  Take  a 
circular  piece  of  filtering  paper  and  fold  it  in  half,  then 
again,  and  again  in  half,  then  open  so  that  its  outline  is  a 
semicircle;  the  creases  produced  by  the  other  foldings  are 
merely  to  serve  as  guides.  Then,  beginning  at  the  straight 
side  (i.e.,  the  diameter  of  the  circle  of  which  the  paper  now 
forms  half),  fold  the  paper  from  the  centre  to  the  circumfe- 
rence as  far  as  the  first  crease  ;  then  turn  the  whole  paper 
over,  and  fold  the  folded  portion  back  an  equal  amount  on  the 
other  side;  and  so  on,  uutil  the  whole  paper  is  folded  into 
a.  sector-shaped  piece.  Press  the  paper  well  so  as  to  render 
the  creases  distinct,  and  then  open  it.  A  conical,  pleated 
filter  will  thus  be  formed  which,  when  supported  by  a 
funnel,  will  allow  a  liquid  to  flow  through  with  great 
rapidity. 

Filtration. — Take  a  solution  of  barium  chloride,  BaCl2, 
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and  add  a  solution  of  sodium  carbonate,  Na.2C03,  slowly, 
and  finally  drop  bv  drop,  until  a  pp.  is  no  longer  formed. 
Fit  a  filter-paper  into  a  funnel,  and  moisten  it  with  a  jet 
of  water  from  the  wash-bottle  to  make  it  fit  closely  to  the 
glass.  Then  support  the  funnel  on  a  suitable  stand,  and, 
having  placed  a  test  tube  or  small  beaker  below  to  receive 
the  filtrate,  pour  a  portion  of  the  contents  of  the  test  tube 
gently  on  to  the  side  of  the  filter-paper,  taking  care  not  to 
till  it  too  full.  When  this  portion  has  filtered  through,  add 
another  portion,  and  so  on  until  the  whole  is  filtered.  To 
wash  the  pp.  on  the  filter-paper,  direct  a  jet  of  water  on  ta 
it  so  as  to  wash  it  down  into  the  apex  from  the  upper  edge 
of  the  paper,  fill  up  with  water,  and  allow  to  stand  until 
this  water  has  all  filtered  through.  Then  fill  up  again 
several  times  until  the  washings  show  no  alkaline  reaction. 

Testing  solubility  of  precipitates. — Take  a  small 
quantity  of  a  solution  of  silver  nitrate,  AgN03,  dilute  it 
with  water,  and  add  dilute  hydrochloric  acid,  HC1 ;  a 
white  curdy  pp.  of  silver  chloride,  AgCl,  is  obtained. 
Add  a  solution  of  ammonia,  AmHO,  in  excess,  and  shake 
up  the  mixture :  the  pp.  dissolves,  showing  that  AgCl  is 
soluble  in  AmHO. 

This  is  a  convenient  method  of  procedure  applicable  in 
most  ordinary  cases,  but  it  is  sometimes  advisable  to' 
separate  the  pp.  from  the  accompanying  liquid.  This  can 
be  done  thoroughly  by  filtration  and  washing,  but  more 
readily  thus  : — Allow  the  pp.  to  subside,  pour  off  the  liquid 
and  fill  up  with  water.  Again  allow  the  pp.  to  settle  down 
and  pour  off  the  water.  Repeat  this  once  or  twice.  This 
method  of  washing  by  decantation  is  applicable  only  to- 
heavy  precipitates. 

Marsh's  Apparatus. — Take  a  wide-mouthed  bottle  of 
about  8  ounces  capacity,  fit  it  with  a  good  cork  or  india- 
rubber  stopper,  in  which  bore  two  holes,  one  for  an  acid 
funnel,  the  other  for-  a  delivery  tube  ;  this  should  be  bent 
back  horizontally  for  3  inches,  and  then  back  upon  itself 
and  cut  off  short ;  then  fit  it  by  means  of  a  small  cork  to  a 
small  calcium  chloride  tube  in  order  to  dry  the  hydrogen. 
Connect  the  other  end  of  this  tube  with  a  straight 
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piece  of  hard  glass  tubing  tunied  up  at  the  end  and  drawn 
out  to  a  jet.  It  is  quite  common,  however,  to  use  an 
ordinary  form  of  a  delivery  tube  drawn  out  to  a  jet. 
Place  zinc  (free  from  arsenic*)  in  the  bottle  and  pour  upon 
it  pure  sulphuric  acid  diluted  with  about  five  times  its 
volume  of  water.  Allow  the  generation  of  hydrogen  to 
proceed  for  a  few  minutes  in  order  to  expel  all  air  from  the 
apparatus,  and  then  light  the  jet.  If  the  materials  are 
pure,  the  flame  will  be  almost  colourless,  and  will  yield  no 
stain  if  a  piece  of  porcelain  be  held  in  the  flame  (see  p.  40). 
Great  care  must  be  taken  that  the  jet  is  not  lighted  too 
soon  ;  otherwise  serious  consequences  may  result,  a  mix- 
ture of  hydrogen  and  air  being  highly  explosive. 


Sulphuretted  Hydrogen. — This  is  best  used  in  the 
form  of  gas,  though  a  solution  in  water  will  suffice  if  the 
apparatus  for  the  manufacture  of  the  gas  be  not  readily 
available.  The  best  form  of  apparatus  consists  of  two 


*  Commercial  zinc  contains  arsenic  ;  it  would  not  therefore  afford 
reliable  evidence  in  testing  matter  for  arsenic  (e.g.,  the  contents  of  a 
stomach  where  arsenical  poisoning  has  been  suspected). 
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bottles  with  necks  in  the  side  connected  together  by 
a  piece  of  indiarubber  tubing.  One  bottle  is  partially, 
about  half,  filled  with  a  mixture  of  fragments  of  iron 
sulphide  and  glass  marbles,  the  latter  being  used  to  allow 
of  the  free  passage  of  a  liquid  in  the  interstices  between 
the  pieces  of  iron  sulphide  ;  the  other  bottle  contains  dilute 
hydrochloric  acid  (1  of  strong  acid  to  about  12  or  15  of 
water).  The  upper  neck  of  the  bottle  containing  the  iron 
sulphide  is  fitted  with  a  cork  carrying  a  tube  which  is  bent 
at  right  angles  and  fitted  either  with  a  piece  of  india- 
rubber  tubing  and  a  pinch-cock,  or,  better,  with  a  glass 
stop-cock.  When  in  use,  the  acid  bottle  is  raised  on  a 
block  and  apiece  of  straight  glass  tube  is  fitted,  by  means 
of  a  short  length  of  indiarubber  tubing,  to  the  delivery  tube 
of  the  other  bottle,  and  the  flow  of  the  gas  governed  by  the 
stop-cock  or  pinch-cock.  When  not  in  use,  the  position  of 
the  bottles  is  reversed,  when  the  acid  runs  away  from  the 
iron  sulphide,  and  all  action  ceases.  This  arrangement  is 
shown  in  the  figure. 


CHAPTER    II. 


REACTIONS   OF  THE  METALS. 

As  mentioned  in  our  Introduction,  there  are  certain 
reagents  which  will  precipitate  any  one  of  a  group  of 
metals,  and  hence,  by  a  judicious  choice  of  such  reagents 
applied  in  the  proper  order,  the  metals  may  be  divided 
into  groups.  The  method  of  analysis  adopted  in  the 
following  pages  divides  the  metals  into  six  groups,  the 
first  five  being  each  distinguished  by  a  special  group 
reagent. 

By  this  division  into  groups,  the  work  of  analysis  is 
much  simplified ;  for,  by  successive  application  of  the 
group  tests,  we  readily  determine  the  group  to  which  the 
given  substance  belongs.  In  this  way  the  field  of  investi- 
gation is  narrowed,  and  it  only  remains  to  determine,  by 
special  tests,  what  particular  member  of  the  group  we 
have  to  deal  with.  For  this  reason  it  is  important  to 
note  in  the  following  reactions  the  special  tests  which 
serve  to  distinguish  the  different  members  of  each  group 
from  one  another. 

After  going  through  all  the  tests  for  the  members  of 
each  group,  Table  A  on  page  78  may  be  followed,  until 
the  group  is  determined,  and  then  the  corresponding 
Table  which  succeeds  it  worked  through. 
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GROUP  I. 

METALS  PRECIPITATED  AS  CHLORIDES. 
Group-reagent  HC1. 

SILVER,  Ag    .    .    .   Pp.  Silver  Chloride,  AgCl    (white). 
LEAD,  Pb    .    .    .    .     „    Lead  Chloride,  PbCl2 
MERCURY,  'Hg' .    .     „    Mercurous  Chloride,  Hg2Cl2 , 


SILVER,  Ag. 
Solution — Silver  Nitrate,  AgNCX. 

1.  The  group-reagent,  hydrochloric  acid,  HC1,  gives  a 
white  curdy  pp.  of  AgCl,  which  becomes  violet  on  exposure 
to  the  light :  insoluble  in  hot  water  and  nitric  acid,  soluble 
in  ammonia. 

2.  Potassium    chromate,   K2Cr04,     gives,    in    neutral* 
solutions,  a  dark  red  pp.,  which,  on  the  addition  of  HC1, 
becomes  white   on   account   of   the   formation   of    silver 
chloride. 

3.  Potassium  cyanide,   KCy,   gives  a  white  curdy  pp., 
very  soluble  in   excess   of  KCy.     Rubbed  upon  a  bright 
piece  of  copper,  a  white  stain  of  silver  is  produced.     This 
stain  does  not  disappear  on  heating. 

4.  On   mixing  with     sodium    carbonate,    Na2COs,  and 
heating  on  charcoal  before  the  blowpipe,  brilliant  white 
malleable  beads  of  silver  are  obtained. 


Silver  nitrate  is  the  only  common  soluble  salt  of  silver. 

*  Solutions  are  sometimes  given  containing  free  acid.     In  that 
case  tests  of  this  kind  cannot  be  relied  on.     (See  p.  77.) 
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LEAD,  Pb. 
Solution — Lead  Nitrate,  Pb(MTO,).2. 

1.  Group-reagent,  HC1,  gives  a  heavy  white  crystalline 
pp.    of   lead  chloride,    PbCl2 :    soluble  in  hot  water,    but 
crystallizing  out   on  cooling ;  insoluble  in  ammonia.     No 
pp.  is  formed  in  dilute  solutions. 

2.  Potassium  chromate,   K2Cr04,  gives  a  bright  yellow 
pp.  of  lead  chromate,  PbCr04 :  insoluble  in  dilute  nitric 
acid  and  acetic  acid ;  soluble  in  sodium  hydrate,  NaHO. 
[Distinction  from  Bismuth.~\ 

3.  Potassium  iodide,  KI,  gives  a  golden  yellow  pp.  of 
lead  iodide,  PbI2 :  soluble  in  boiling  water,  but  crystallizing 
oub  in  brilliant  iridescent  scales  on  cooling. 

4.  Dilute  sulphuric   acid,  H2S04,  gives  at  once  in  con- 
centrated solutions  a  white  pp.  of  lead  sulphate,  PbSO4 : 
precipitation   takes    place  in  very  dilute  solutions  only 
after  a  time ;  the  addition  of  alcohol  favours  the  precipi- 
tation. 

5.  Heat  on  charcoal  with  sodium  carbonate,  Na2C03, 
and  potassium  cyanide,  KCy  :  beads  of  lead  are  formed, 
which  are  malleable,  and  mark  paper. 


Common  soluble  salts.  Lead  nitrate,  Pb(NO3)2,  and  lead  acetate, 
Pb(C2H302)2,  (sugar  of  lead),  are  readily  soluble  in  cold  water.  The 
latter,  being  a  salt  of  an  organic  acid,  belongs  strictly  to  Organic 
Chemistry.  Lead  chloride,  PbCl2,  and  lead  iodide,  PbI2)  are  sparingly 
soluble  in  cold  water,  but  readily  soluble  in  hot  water. 
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MERCURY  (mercurous') ,  'Hg'. 
Solution — Mercurous  Nitrate,  Hg2(NO3)2. 

1.  Group-reagent,  HC1,  gives  a  white  pp.  of  mercurous 
chloride,  Hg2Cl2  (calomel) :  insoluble  in  hot  water,  blackened 
by    ammonia,  AmHO.      The   blackening   on    addition   of 
AmHO  is  due  to  the  formation  of  NH2'Hg'2Cl,  mercurous- 
ammonium  chloride. 

2.  Sodium  hydrate,  NaHO,  gives  a  black  pp.  of  mer- 
curous   oxide,    Hg2O.       [Distinction  from   mercuric  salts, 
which  give  a  dark  yellow  pp.  of  mercuric  oxide,  HgO.J 

3.  Stannous    chloride,     SnCl2,    gives    a    grey    pp.    of 
metallic    mercury.     [Distinction  from   mercuric  salts,   see 
p.  35.] 

4.  When  any  dry  mercurous  compound  is  heated  in  a 
tube  with  powdered  charcoal  and  Na2C03,  the  metal  is 
reduced  and  volatilized,  and  deposited  in  the  cooler  parts 
of  the  tube  in  the  form  of  a  mirror  made  up  of  minute 
metallic  globules. 

5.*  Acidulate  a  portion  of  a  solution  of  any  mer- 
curous compound  in  a  tube  with  hydrochloric  acid,  and 
boil  with  a  strip  of  pure  electrolytic  copper.  A  film  of 
mercury  is  deposited  on  the  copper.  When  dried  between 
blotting-paper  and  heated  in  a  tube,  the  mercury  sublimes 
and  the  copper  resumes  its  natural  colour. 


Mercurous  nitrate,  Hg2(NO3)2,  is  the  only  common  soluble  mer- 
curous salt. 


*  Compare  Reinsch's  test  for  Arsenic  (p.  41). 
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GROUP  II. 

METALS  PRECIPITATED  AS  SULPHIDES. 
Group-reagent— H2S  in  presence  of  HC1. 

DIVISION  I. 

Metals  whose  Sulphides  are  Insoluble  in  Alkaline  Sulphides 
or  Hydrates. 

MERCURY,  Hg"  (mercuric).  Pp.  Mercuric  Sulphide,  HgS  (black). 

LEAD,*  Pb „    Lead  Sulphide,  PbS 

BISMUTH,  Bi „    Bismuthous  Sulphide,  Bi2S3  „     . 

COPPER,  Cu .,    Cupric  Sulphide,  CuS 

CADMIUM,  Cd „    Cadmium  Sulphide,  CdS  (i/eMow). 

DIVISION  II. 

Metals  whose  Sulphides  are  Soluble  in  Alkaline  Sulphides 
or  Hydrates. 

TIN,  Sn"  (Stan-nous)     .    .  Pp.  Stannous  Sulphide,  SnS  (dk.brown) . 

Sniv  (Stannic) .    .    .    „    Stannic  Sulphide,  SnS2      (yellow). 

ANTIMONY,  Sb.     .     .     .    „    Antimony  Sulphide,  Sb2S3  (orange). 

ARSENIC,  As    ....,,    Arsenic  Sulphide,  As2S3     (yellow). 


*  Lead,  as  PbCl2,  is  slightly  soluble  in  cold  water,  and  therefore 
occurs  in  Group  II.  as  well  as  in  Group  I. 


ANAL. 
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The  sulphides  dissolve  in  ammonium  sulphide  or  caustic 
soda  because  of  the  formation  of  sulpho-salts. 

Thus  in  the  case  of  As2Ss, 

As2Ss  +  3(NH4)2S  =  2(NH4)8AsS,. 

The  compound  formed,  which  is  soluble  in  water,  is  the 
analogue  of  ammonium  arsenite,  (NH4)3As03.  sulphur 
replacing  oxygen,  and  is  hence  called  ammonium  sulph- 
arnenite.  With  NaOH  the  reaction  is — 

As2S8  +  6NaOH  =  Na8AsS8  +  NajAs08+3H20. 
In  the  case  of  antimony  sulphide,  similar  reactions  occur  - 
but  in  the  case  of  tin  a  slight  difference  is  found.     With 
stannic  sulphide  the  reactions  are — 

SnSs-|- (NH4)2S  =  (NH4)2SnS3,  Am.  sulphostannate, 
and  2SnS2  +  4NaOH  =  Na2SnS8  +  Na2Sn08+H2S  +  H20  ; 
but  with  stannous  sulphide,  colourless  ammonium  sulphide 
will  not  produce  a  soluble  compound ;  yellow  ammonium 
sulphide,  however,  since  it  owes  its  colour  to  persulphides, 
first  converts  the  SnS  into  SnS2,  and  then  dissolves  it  as 
above.  Caustic  soda  will  usually  dissolve  SnS  because  of 
the  sulphur  with  which  the  latter  is  usually  mixed,  and 
forms,  as  before,  the  sulphostannate  and  stannate. 
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DIVISION  I. 

MERCURY,   Hg". 
Solution — Mercuric  Chloride,*  HgCl.,. 

1.  The   group-reagent,*   sulphuretted   hydrogen,   HaS, 
added  slowly,  gives  first  a  icliite  pp.,  which,  as  more  of 
the  reagent  is  added,  first  becomes  yellow,  then  brawn, 
and  finally  black.     The  black  pp.  is  HgS. 

2.  Stannous  chloride,  SnCl2,  gives,  with  mercuric  salts, 
a  white  pp.  of  mercurous  chloride,  HgjCl2,  which,  on  boil- 
ing with  excess  of  the  reagent,  gives  grey  metallic  mercury. 
If  the  solution  be  poured  off,  and  the  pp.  boiled  with  hydro- 
chloric acid,  the  mercury  is  obtained  in  small  globules. 

3.  Potassium    iodide,    KI,    gives  a   pp.  which    is   first 
yellow,    but  changes  to  a  briyht  scarlet  pp.  of   mercuric 
iodide,  Hgls ;  this  pp.  is  soluble  in  excess  of  the  mercuric 
salt  or  of  potassium  iodide. 

4.  Sodic  hydrate,  NaHO,  when  added  in  excess,  gives  a 
yellow  pp.  of  mercuric  oxide,  HgO  :  insoluble  in  excess. 

5.  Repeat  reactions  4  and  5  for  Hg'.     Similar  results 
will  be  obtained. 


Mercuric  chloride,  HgCl2  (corrosive  sublimate)  is  the  most  impor- 
tant soluble  mercuric  salt.  Mercuric  nitrate,  Hg  (N03)2,  is  also- 
soluble,  but  the  salt  is  unstable,  and  when  in  solution  tends  to  form 
insoluble  basic  salts. 


*  Sulphuretted  hydrogen  may  be  used  as  a  solution  in  water,  or 
the  gas  itself  may  be  passed  into  the  solution  from  a  suitable  ap- 
paratus (see  p.  28)  until  the  precipitation  is  complete.  The  latter 
method,  where  practicable,  is  preferable. 
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LEAD,  Fb. 

Unless  the  solution  be  very  dilute,  lead  is  usually  detected  in 
Group  I.  If  not  so  detected,  a  black  pp.  of  lead  sulphide,  PbS,  will 
be  obtained  on  addition  of  H2S  in  Group  II.,  if  the  solution  be  not 
too  acid.  For  this  reason,  if  there  is  a  doubtful  indication  of  a  pp. 
in  Group  I.,  and  lead  is  suspected  from  preliminary  examination 
(see  p.  74),  H,S  should  be  passed  through  the  original  solution  if  that 
be  acid,  and  not  through  the  portion  to  which  HC1  has  been  added. 

[This  point  is  of  importance  in  systematic  analysis.  On  account 
of  the  slight  solubility  of  PbCl2  in  cold  water,  Pb  is  not  completely 
precipitated  in  Group  I. ;  and  if  the  solution  be  too  acid,  or  too  con- 
centrated, it  is  not  precipitated  at  all  in  Group  II.,  and  therefore 
appears  in  Group  III.,  where  it  is  of  ten  mistaken  for  some  other  metal.] 

For  other  reactions  of  Lead,  see  Group  I. 

BISMUTH,  Bi. 

Solution— Bismuth  Nitrate,  Bi(  NO,V,  dissolved  in 
dilute  nitric  acid. 

1.  H2S  gives   a  brmonish-black   pp.  of  bisrnuthous  sul- 
phide, Bi.2Ss. 

2.  Water  added  in  large  quantity  to  a  solution  of  bis- 
muth, to  which   HC1   or  ammonium  chloride,  AmCl,  has 
first  been  added,  produces  a  white  pp.  of  a  basic  chloride 
BiOCl,  which  is   insoluble  in   tartaric  acid.     [Distinction 
from  the  basic  chloride  of  antimony,  SbOCl,  which  is  soluble 
in  tartaric  acid.] 

3.  Potassium  chromate,  K2O04,  gives  a  yellow  pp.  of 
the  basic  chromate,  Bi2(Cr04)2O,  soluble  in  dilute  nitric 
acid,    but   insoluble    in   sodium     hydrate.       [Distinction 
from  leadJ] 

4.  Dilute  sulphuric  acid,  H2S04,    gives  no  pp.     \_Dis~ 
tinction  from  leadJ} 

5.  Mix   with   sodium  carbonate,  Na2C08,   and  heat  on 
charcoal  before  the  blowpipe  in  the  reducing  flame  :  brittle 
metallic  beads  ure  obtained,  and  an  orange  yellow  incrustation 
is  formed  on  the  charcoal. 


Most  of  the  soluble  bismuth  salts  are  decomposed  by  water, 
insoluble  basic  salts  being  formed.  Bismuth  nitrate,  Bi(N  0)3^3,  the 
commonest  salt  dissolves  in  a  small  quantity  of  water,  especially  if 
nitric  acid  is  present.  A  large  quantity  of  water  decomposes  the 
salt,  and  basic  bismuth  nitrate  is  formed. 


ANALYSIS    OF   A    SIMPLE    SALT.  37 

COPPER,  Cu. 
Solution    -Cupric  Sulphate,  CnSO4. 

1.  H.2S  gives  a    brownish-black  pp.  of  cupric  sulphide, 
CuS  :  insoluble  iti  hot  dilute  sulphuric  acid. 

2.  Ammonia,  AmHO,  or  ammonium  carbonate,  Am.2C03, 
when  added  in  small  quantities,  produces  a  greenish-blue  pp. 
of  a  basic  salt,  which  is  readily  dissolved  in  excess  of  the 
reagent,  forming  a  splendid  azure-blue  liquid ;  this  color- 
ation is  easily  perceptible,  even  if  the  solution  contain  only 
slight   traces    of    copper.       The   blue    solution    contains 
ammonio-cupric  sulphate,  (NH3)2Cu"S04. 

3.  Potassium  ferrocyanide,    K4FeCy6,  gives   a  reddish- 
brown  pp.  of  cupric  ferrocyanide,  Cu2FeCy8,  in  neutral  or 
slightly  acid  solutions,  but  not,  in  alkaline  solutions.     A 
brownish   colour  is  produced   in   very  dilute  solutions   of 
copper  salts  ;  it  is  best  seen  when  the  reaction  takes  place 
in    a     watch-gin ss     placed   on    a   sheet    of    white    paper. 
K4FeCy6  supplies  one  of  the  most  delicate  reactions  for 
copper  salts. 

4.  Potassium  cyanide,  KCj,  gives  a  greenish-yelloio  pp. 
of  cupric  cyanide,   CnCy2,    which   is  soluble    in    excess. 
H2S  produces  no  pp.  from  this  solution. 

5.  Sodium  hydrate,  NaHO,  gives  a  bulky  light  blue  pp. 
of  cupric  hydrate,  Cu(HO)2 ;  if  excess  of  NaHO  be  added, 
and  the  mixture  boiled,  the  pp.  becomes  black,  having  been 
converted  into  cupric  oxide,  CuO. 

6.  If  a  piece  of   bright  iron  be  dipped  into  a  cupric 
solution  acidulated  with   HC1,    it  becomes    coated    with 
copper  ;  if  clean  iron  filings  be  boiled  in  the  solution,  it 
will  lose  its  blue  colour,  the  copper  being  wholly  displaced 
by  the  iron. 

7.  Mix  with  sodium  carbonate,  Na2C03,  and  potassium 
cyanide,  KCy,  and  heat  before  the  inner  blowpipe  flame 
for  some  time :  red  metallic  scales  of  copper  are  obtained. 


Cupric  sulphate,  CuSO,  (blue  vitriol)  is  the  commonest  soluble 
salt  of  copper.  Cupric  nitrate,  Cu(N03)2  and  cupric  chloride, 
CuClo.  are  also  readilv  soluble. 
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CADMIUM,  Cd. 

Solution. — Cadmium  Chloride,  CdCl,. 

1.  H2S  gives  a,  fine  yellow  pp.  of  cadmic  sulphide,  CdS, 
soluble  in  dilute  sulphuric  acid;  the  precipitation  is  pre- 
vented  by    presence   of  much    HC1.        [Distinction  from 
copper :] 

2.  Sodium  hydrate,  NaHO,  gives  a  wltite  pp.  of  cadmic 
hydrate,  Cd(HO)2 :  insoluble  in  excess. 

3.  Potassium  cyanide,  KCy,  gives  a  ivhite  pp.  of  cadmic 
cyanide,  CdCy2 :   soluble  in  excess.     H2S  precipitates  from 
this  solution  CdS.      [Distinction  from  copper.^ 

4.  Mix  with   sodium   carbonate,   Na2COs,  and  heat  on 
charcoal  before  the  inner  blowpipe  flame  :  a  reddish  yellow 
incrustation  of  cadmium  oxide,  CdO,  is  obtained.     (This 
experiment  must  be  carefully  performed,  for  if  heated  too 
strongly  the  oxide  is  completely  volatilized.) 


Cadmium  chloride,  CdClo,  cadmium  sulphate,  CdSO4,  and  cadmium 
nitrate,  Cd(N03)2  are  common  easily  soluble  salts  of  cadmium. 
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DIVISION  II. 

TIN  (Stannous),  Sn". 

Solution  —  Stannous  Chloride,  SnCL. 

1.  H2S    gives   a    chocolate  -  coloured   pp.    of    stannous 
sulphide,  SnS  :  insoluble  in  ammonic  carbonate,  Am2CO,. 

2.  Mercuric  chloride,  HgCl2,  produces  first  a  white  pp. 
of  Hg.2Cl3,  which,  when  boiled  with  excess  of  the  solution, 
becomes  of  a  greyish-black  colour  owing  to  its  reduction  to 
metallic  mercury. 

3.  Auric  chloride,  AuCls,  gives  a  purple  pp.  of  doubtful 
composition  (purple  of  Cassius).     The  probable  reaction  is 

2AuCls+3SnClj  +  6H20  =  Au,  +  3Sn02+12HCl. 


pp. 

4.  Add  a  strip  of  zinc  to  a  solution  acidulated  with 
HC1  :  it  becomes  coated  with  a  spongy  mass  of  metallic 
tin.     Platinum-foil,  in  contact  with  the  strip  of  zinc,  does 
not  becomes  blackened.     [Distinction  from  copper  and  anti- 
mony.] 

5.  Mix  with  sodium  carbonate,  Na2COs,  and  potassium 
cyanide,  KCy,  and  heat  on  charcoal  before  the  blowpipe  : 
malleable  beads  of  tin  and  a  white  incrustation  on  char- 
coal are  obtained. 

TIN  (Stannic),  SniT. 
Solution  —  Stannic  Chloride,  SnCl4. 

1.  Sulphuretted  hydrogen,  H2S,  gives  a  dull  yellow  pp. 
of  stannic  sulphide,  SnS2  :  insoluble  in  Am^GOy 

2.  Mercuric  chloride,  HgCl2,  gives  no  pp.     [Distinction 
from  stannous  salts.] 

3.  Reactions  4  and  5  for  stannous  compounds  apply  also 
to  stannic  compounds. 


SnCl2  and  SnCl4  are  the  only  common  soluble  salts  of  tin. 
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ARSENIC,*  As. 

Solution — Arsenious  Oxide,  As4O6,  dissolved  in 
dilute  HC1. 

1.  Sulphuretted  hydrogen,  H2S,  gives  (in  acid  solutions) 
a  lemon  yellow  pp.  of  arsenious  sulphide,  As2S3 :  insoluble 
in  strong    boiling  HCl;    readily  soluble  in   a    concentrated 
solution     of     ammonium     carbonate,    AintCOs,     boiling    if 
necessary. 

2.  Add    cupric     sulphate,    CuS04,    and  then   sodium 
hydrate,  NaHO,  drop  by  drop,  till  in  excess  (to  render  the 
solution  alkaline)  :  a  fine  green  pp.  of  arsenite  of  copper 
(HCuAs03)  is  obtained. 

3.  Marsh's  Test.-J-Hydrogen  is  generated  from  pure 
zinc  and  pure  dilute  sulphuric  acid  in  the  apparatus  de- 
scribed on  p.  26,  and  the  jet  lit  as  soon  as  all   the   air  in 
the  apparatus  is  displaced  by  hydrogen.     A  small  quantity 
of  the  solution  is  then  poured  down  the  acid  funnel  into 
the   bottle.       In   a    short  time   arseniuretted    hydrogen, 
AsHs,  is  produced  and   escape*,  mixed  with  a  large  pro- 
portion of  hydrogen.     The  escaping  gas  now  burns  with 
a  bluish  flame,  and  fumes  of  As406  are  evolved.     If  a  cold 
porcelain  dish  be  held  in  the  flame,  a  bright  black  stain  is 
produced  on  the  dish.      This  stain  is  readily  dissolved  by  a 
drop    of  sodium  hypocklorite,    NaOCl.       [Distinction  from 
antimony .] 

If,  while  the  gas  is  still  escaping,  the  delivery  tube  be 
heated  by  the  flame  of  a  Bunsen  burner  or  spirit  lamp,  at 
a  point  a  short  distance  from  the  jet,  a  black  ring  will  be 
produced  on  the  tube  just  beyond  the  flame.  If  the  tube 
be  now  cut  off  at  this  point,  and  held  in  a  slanting  position 
over  a  flame  so  that  the  ring  is  gently  heated,  a  sublimate 
of  octahedral  crystals  will  be  formed  at  the  jet  end  of  the 
tube.  If  the  tube,  with  the  sublimate,  be  dropped  into  a 
test  tube  containing  dilute  HCl,  the  As406  dissolves  and  a 

*  Arsenic,  when  present  as  an  arseniate,  that  is,  as  AsT,  is  only  pre- 
cipitated as  AsjS3  by  passing  the  solution  through  the  gas  for  some  time. 
In  this  form  arsenic  will  be  detected  as  an  acid,  (see  page  67). 
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solution  is  obtained  from  which  H2S  will  precipitate  As2S$ 
as  in  test  1. 

4.  Hoffmann's    Test. — By   the  aid  of   the   apparatus 
employed  for  the  previous   test,    generate   arseniuretted 
hydrogen,  AsH3 ;  but,  instead  of  burning  the  gas,  pass  it 
by  means  of  a  piece   of  bent,  tubing  into  a  test-tube  con- 
taining a  solution  of  silver  nitrate.     A  black  pp.  of  metallic 
silver  is  produced,  whilst  nitric  and  arsenious  acid  remain 
in  solution — 

AsH3+6AgN03  +  3H3O  =  3Ag,  +  H8AsO,  +  6HNO,. 
When  the  gas  has  been  passing  for  some  minutes,  filter  the 
liquid  in  the  tube,  add  some  more  silver  nitrate  aijd  then 
a  few  drops  of  solution  of  ammonia  for  the  purpose  of 
neutralizing  the  nitric  acid.  A  yellow  pp.  of  Ag3AsOs  is 
obtained. 

5.  Fleitmann's  Test. — Boil  apiece  of  granulated  pure 
zinc  or  aluminium  foil   with  a  solution  of  caustic  soda: 
hydrogen  is  given  off.     Add  a  few  drops  of  a  solution  of 
As408 ;    the    escaping  gas  now  contains  AsH3,    which  is 
recognised  by  its  blackening  a  piece  of  filter  paper  pre- 
viously moistened  with  AgN03,  and  held  over  the  mouth 
of  the  test-tube.      [Distinction  from  antimony,  the  com- 
pounds of  which  are  not  reduced  in  alkaline  solutions  to 
SbH,.] 

6.  Reinsch's  Test. — The  solution  is  mixed  with  HC1, 
and  boiled  with  a  clean  piece  of  copper-foil.     A  grey  film 
is  deposited  on  the  copper.     The  copper-foil,  having  been 
washed  and  dried,  is  then  heated  in  a  narrow  open  tube 
where  the  arsenic  oxidises,  and  arsenious  anhydride,  As4O6, 
is   deposited  in  the  cool  pai't  of  the  tube  in  octahedral 
crystals. 

7.  Mix  with   sodium  carbonate,  Na3C03,  and  powdered 
charcoal,  and  heat  in  a  small  bulb-tube  :  a  black  lustrous 
metallic  ring  will  be  produced  in  the  cool  part  of  the  tube. 
This  ring,  when  treated  as  in  Test  3,  gives  exactly  the 
same  results. 


Arsenious  oxide,  As4OG,  slightly  soluble  in  water,  but  readily  soluble 
in  dilute  HC1  is  the  only  common  arsenic  compound. 
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ANTIMONY,  Sb. 

Solution — Antimonious  Chloride,  SbCl3,  dissolved  in 
dilute  HC1. 

1.  Sulphuretted  hydrogen,  H2S,  gives  (in  acid  solutions) 
an    orange-red  pp.   of   antimonious   sulphide,    Sb2Ss :    in- 
soluble in  Am2COs. 

2.  Water   produces  a  white  milkiness  due  to  pp. 
of  antimony  oxychloride,   SbOCl :  easily  soluble  in  tartaric 
acid.     [Distinction  from  bismuth.^ 

3.  If  a  piece  of  platinum-foil  and  then  a  strip  of  zinc  be 
dropped  into  a  solution  of  antimony  acidulated  with  HC1, 
so  that  the  metals  touch  one   another,  a  brown  or  black 
film   (metallic  antimony)   will    coat   the  platinum  :    free 
nitric  acid  must,  however,  not  be  present. 

4.  Marsh's  Test. — Apply  this   test   as  described  for 
arsenic.     On  the  introduction  of  the  antimony  solution  to 
the  apparatus,  antimoniuretted  hydrogen  is  produced,  and 
the  flame  becomes  bluish  green  in  colour.     A  black  stain 
is  produced  by  this  flame  on  cold  porcelain,  just  as  in  the 
case  of  arsenic;  but  the  stain  is  less  lustrous,  and  is  insoluble 
in  sodium  hypochlorite,  NaOCl. 

5.  Hoffman's  Test. — Apply  this  test  as  for  arsenic.    A 
black  pp.  is  obtained  in  the  solution  of  silver  nitrate :  this 
contains  antimony  as  SbAgs,  whilst  nitric  acid  remains  in 
solution — 

SbH3+3AgNO,  =  SbAgs+3HN03. 

6.  Mix  with   sodium  carbonate,  Na,C03,  and  potassium 
cyanide,  KCy,  and  heat  on  charcoal  before  the  inner  blow- 
pipe flame :   brittle  beads  of  antimony  are  produced  which 
give  off  white  fumes  of  antimonious  oxide,  SbjOs. 


Antimonious  chloride,  SbCl3  (butter  of  antimony)  is  the  commonest 
antimony  compound.  It  readily  dissolves  in  a  small  quantity  of 
water  or  in  dilute  HC1.  A  large  quantity  of  water  precipitates 
SbOCl. 
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GROUP  III. 

METALS  PRECIPITATED  AS  HYDRATES  BY  AmHO  IN  THE 

PRESENCE  OF  EXCESS  OF  AmCl. 

Group-Reagent,  AmCl  and  AmHO.* 
IRON,  Fe'"  (Ferric) .  Pp.  Ferric  Hydrate,  Fe2(HO)«  (reddish-brown). 

[IRON,  Fe"  (Ferrous).  Ferrous  salts  are  not  completely  precipi- 
tated in  the  presence  of  AmCl ;  hence,  before  testing  for  iron  in  this 
group,  a  few  drops  of  nitric  acid  must  be  added  and  the  solution 
boiled  in  order  to  convert  any  ferrous  salt  present  into  a  ferric  salt. 
If  iron  is  found,  the  original  solution  must  then  be  tested  to  discover 
whether  it  was  initially  present  as  a  ferrous  or  ferric  salt.] 

CHROMIUM,  Cr    .  Pp.  Chromic  Hydrate,  Cr2(HO)6  (dark  green). 
ALUMINIUM,  Al  .    „    Aluminium  Hydrate,  AL(HO)fi  (white). 


IRON  (Ferric),  Fe'". 
Solution — Perric  Chloride,  Fe.Clg. 

1.  Ammonium  hydrate,  AmHO  gives   a  reddish-brown 
pp.  of  ferric  hydrate,  Fe2(HO)6. 

2.  Potassium  ferrocyanide,   K4FeCy6,  gives  a  dark  blue 
pp.  of  prussian  blue,  Fe4(FeCya)3. 

3.  Potassium  ferricyanide,  K6Fe2Cyi2,  gives  no  pp.,  but 
a  deep  green  (very  dilute  xolutions)  or  brown  coloration. 

4.  Potassium  sulphocyanute,  KCyS,  gives  the  solution  a 
blood-red  colour  on  account  of  the  formation  of  Fes(CyS)6. 
The  colour  of  the  solution  is  readily  destroyed  by  a  solu- 
tion of  mercuric  chloride,  HgCl3. 

Ferric  chloride  Fe2Cl6  is  the  common  soluble  salt  of  Iron  (Fe'"). 


*  When  AmCl  and  AmHO  are  both  to  be  added  to  a  solution,  the 
AmCl  should  be  added  first,  because  it  is  often  added  to  prevent  the 
precipitation  of  hydrates  by  the  AmHO. 
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IRON  (Ferrous),  Pe". 
Solution — Ferrous  Sulphate,  FeSO4. 

1.  AmHO  gives  a  light  coloured  pp.  of  ferrous  hydrate, 
Fe(HO)2,  which  rapidly  turns  dirty  green,  and  more  slowly 
reddish-brown,  by   reason  of   the    absorption    of  oxygen : 
complete  precipitation  of  ferrous   hydrate  by  AmHO  is 
prevented  by  the  presence  of  ammonium  salts. 

2.  Potassium  ferrocyanide,  K4FeCyfl,  gives  a  bluish-white 
pp.,  which  speedily  turns  blue  by  absorption  of  oxygen. 

3.  Potassium  ferricyanide,  K6Fe2Cy,2,  gives  a  dark  blue 
pp.  of  Fe2Cy63FeCy2  (Turnbull's  blue).     Distinction  from 
ferric  salts.^ 

4.  Potassium  snlphocyanate,  KCys,  produces  neither  a 
pp.  nor  change  of  colour  when  the  solution  is  free  from  a- 
ferric  salt. 

5.  Ammonium  sulphide,  Am2S,  gives  with  both  ferrous- 
and  ferric  solution    a  black  pp.  of  ferrous  sulphide,  FeS. 


Ferrous  sulphate,  FeS04  (green  vitriol),  is  the  common  soluble- 
salts  of  iron,  Fe".  Ferrous  ammonium  sulphate,  Fe"(NH4)2(SO4)j- 
is  a  common  double  salt  soluble  in  water. 
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CHROMIUM,  Cr. 
Solution—  Chromic  Chloride,  Cr,Clti. 

1.  AmHO   gives  a  dull  green  pp.  of  chromic  hydrate, 
Cr2(HO)6,  with  most  chromium  salts. 

2.  Potassium  hydrate,  KHO,  and  sodium  hydrate,  NaHO, 
give  the  same  pp.    soluble  in  excess   of   the  alkali,  and 
forming  a  green  solution. 

3.  Chromic  compounds  maybe  recognised  by  converting 
the  chromic  oxide  into  chromic  acid.     This  can  be  done 
in  several  ways  — 

(1)  By  boiling  chromic  chloride  in  solution  with   Pb02 
and    NaHO    or   KHO.       The    reaction    which   occurs   is 
accompanied  by  a  change  of  colour  from  green  to  yelloiv, 
and  may  be  expressed  thus  :  — 

(i.)  Cr,Cl,+6KHO  =  Cr,(HO),+6KCl. 

Soluble  in  ex- 
cess of  KHO. 

(ii.)  Cr2(HO)6-|-3PbO.,=  2PbCr04  +  PbO  +  3H40. 

SolubleTn  KHO. 

When  the  solution  is  acidulated  with  acetic  acid,  a  pp. 
of  plumbic  chromate,  PbCr04,  is  obtained. 

(2)  By   boiling  a   solution  of  Cr2Cl6  with  NaHO,  and 
sodic  hypochlorite,  NaOCl  — 


=  2Na,Cr04  +  SNaCl  +  5H2O. 
(3)  By  fusion  with  alkaline  carbonates  and  nitre. 
Chromium  compounds,  when  mixed  with  fusion  mixture 
and  nitre,  and  fused  on  platinum-foil,  give  a  yellow  mass 
of  potassium  and  sodium  chromate,  which,  when  acidulated 
in  solution  with  acetic  acid,  gives,  with  solutions  of  lead,  a 
yellow  pp.  of  PbCr04. 

.  4s.  Chromium  compounds  give  an  emerald  green  borax 
bead,  both  in  the  inner  and  outer  flame. 


Chromous  chloride,  CrCl2,  and  chromic  chloride,  Cr2Cl6,  are  the 
most  important  compounds  in  which  chromium  occurs  as  a  base. 
Chrome  alum,  KCr(S04)2,  is  a  common  soluble  double  salt.  The 
chromates  contain  chromium  as  chromic  acid  (p.  68). 
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ALUMINIUM,  Al. 
Solution — Alum,  K,A1,(SO4),. 

1.  AmHO  gives   a  white  transparent  gelatinous  pp.  of 
aluminium  hydrate,  A12(HO)6. 

2.  Sodium  hydrate,  NaHO,  or  potassium  hydrate,  KHO, 
precipitates  the  hydrate :    readily   soluble  in    excess,  re- 
precipitated  by  excess  of  AmCl.     [Distinction  from  zinc.~\ 

3  Hydric  di-sodic  phosphate,  Na3HPO4,  gives  a  white 
bulky  pp.  of  aluminium  phosphate,  insoluble  in  AmHO  and 
AmCi. 

4.  Heat  on  charcoal  before  the  blowpipe  :  a  white  mass 
is  obtained  which  is  highly  luminous  while  hot.  Moisten 
with  cobaltous  nitrate,  and  heat  again  in  the  inner  name  :  a 
fine  blue  mass  is  obtained.  [Distinction  from  zincJ] 


The  commonest  substance  containing  aluminium  is  common 
(potash)  alum,  which  is  a  soluble  double  sulphate  of  potassium  and 
aluminium  KA1(SO,|)2-  Ammonia-alum,  NH4A1(SO4)2  is  another 
common  alum. 
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GROUP  IV. 

METALS  PRECIPITATED  AS  SULPHIDES  BY  AMMONIUM  SULPHIDE, 
Am2S,  IN  PRESENCE  OF  AmHO  AND  AmCl. 

Group-reagent— AmCl,  AmHO,  and  Am2S. 

NICKEL,  Ni     .    .    .  Pp.  Nickel  Sulphide,  NiS  (black). 

COBALT,  Co     ...  „    Cobalt  Sulphide,  CoS  (black). 

MANGANESE,  Mn   .  „     Manganese  Sulphide,  MnS  (buff). 

ZINC,  Zn     .    .    .    .  „    Zinc  Sulphide,  ZnS  (white). 

NICKEL,  Ni. 
Solution — Nickel  Sulphate,  NiSO<. 

[Note  that  the  colour  of  the  solution  is  green.     All  aqueous 
solutions  of  Nickel  salts  are  of  a  greenish  colour."] 

1.  Am2S    gives    a   black   pp.   of  nickel   sulphide,  NiS : 
slightly  soluble  in  excess,  producing  a  dirty  black  liquid. 

2.  Sodium  hydrate,  NaHO,  gives  an  apple-green  pp.  of 
Ni(HO)2:  insoluble  in  excess  of  sodium  hydrate. 

3.  Ammonia,  AmHO,  produces   the  same  pp.,  which, 
however,  dissolves  in  excess  of  the  reagent  to  a  blue  liquid, 
and  is  not  formed  in  presence  of  AmCl. 

4.  Potassium  cyanide,  KCy,  gives  a  yellowish  green  pp. 
of   nickel   cyanide,    NiCy2 :    soluble   in  excess,   giving  a 
brownish  yellow  solution,  containing  a  double  cyanide  of 
nickel  and  potassium,  2KCy,  NiCy2.     On  adding  a  strong 
solution  of  sodium  hypochlorite,  NaOCl,  to  this  solution, 
a  black  pp.  of  Ni3(OH)Bis  obtained  without  heating.     [Dis- 
tinction from  cobalt.] 

5.  Heated  on  a  borax  bead,  in  the  outer  flame,  com- 
pounds of  nickel  yield  an  intensely  coloured  bead,  which 
appears  hyacinth-red  to  violet-brown  when  hot,  and  yellowish 
to  sherry-red  when  cold,  according  to  the  quantity  of  nickel 
present. 

Nickel  sulphate,  NiS04,  nickel  chloride,  NiClj,  and  nickel  nitrate, 
Ni(NO3)A  are  the  commonest  soluble  nickel  salts.  They  are  all  of  a 
green  colour  and  more  or  less  deliquescent. 
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COBALT,  Co. 
Solution — Cobalt  Nitrate,  Co  (NO-),. 

[Note  that  the  colour  of  the  solution  is  a  pale  red.      All 
aqueous  solutions  of  cobalt  salts  are  of  a  reddish  colour.] 

1.  Am2S    gives  a   Hack  pp.    of  cobalt  sulphide,   CoS  : 
insoluble  in  excess  of  Am.2S. 

2.  Potassium  hydrate,  KHO,  or  sodium  hydrate,  NaHO, 
gives   a  pp.  of  a  blue  basic  salt,  which  on  exposure  to  the 
air  becomes  olive-green,  owing  to  the  absorption  of  oxygen. 
When   heated,  a  rose-red  cobaltous  hydrate,  Co(HO),,  is 
obtained,  which  contains  usually  a  small  quantity  of  dark 
brown  cobaltic  hydrate.     The  pp.  is  dissolved  by  amrnonic 
carbonate  to  an  intensely  violet- red  fluid. 

o.  AmHO    gives    a    bluish-green   pp.,    not    formed    in 
presence  of  AmCl.     . 

4.  Potassium  cyanide,  KCy,  produces  a  reddish-brown 
pp.  of  cobfiltous  cyanide,  CoCy2,  which  is  redissolved  in 
excess  of  KCy,  becoming,  on  boiling,  potassium  cobalti- 
cyanide,  KgCo2Cyj2.      This  solution,  when  treated  in  the 
cold    with    strong    sodium    hypochlorite,    NaOCl,    gives 
no  pp. 

5.  The  borax  bead  is  coloured  blue  in  the  outer  and 
inner  flame  by  cobalt  compounds. 


Cobaltous  sulphate,  CoSO4,  cobaltous  nitrate,  Co(N03)2,  and 
cobaltous  chloride,  CoCl2,  are  the  most  important  of  the  soluble 
cobalt  salts. 
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MANGANESE,  Mn. 
Solution — Manganous  Sulphate,  MnSO4. 

1.  Am2S  gives  a  buff  or  flesh-coloured  pp.  of  manganese 
sulphide,  MnS  :  readily  soluble  in   dilute   acids,  even  in 
acetic  acid.     [Distinction  from  Ni,  Co,  and  Zn.] 

2.  Sodium  hydrate,  NaHO,  or  potassium  hydrate,  KHO, 
gives  a  white  pp.  of  manganous  hydrate,  Mn(OH)2,  in- 
soluble in  excess.     The  pp.  speedily  absorbs  oxygen  from 
the  air,  and  turns  dark  brown  with  the  formation  of  the 
basic  hydrate  (MnOHO)2,  which  is  insoluble  in  AmCl. 

3.  Ammonia,  AmHO,   produces  the  same  pp.,  except 
when  ammonium  salts  are  present,  when  thejarecipitation 
is  prevented. 

[On  adding  AmCl  and  AmHO  to  a  solution  of  a  man- 
ganese salt,  a  soluble  double  chloride  of  ammonium  and 
manganese,  2AmCl,  MnCL,,  is  formed.  On  exposure  to 
air,  this  solution  is  gradually  oxidized,  and  the  manganese 
precipitated  as  a  dark  brown  di-hydrate,  (MnOHO).,. 
For  this  reason  manganese  may  be  precipitated  in  Group 
III.,  but  the  precipitation  does  not  take  place  until  after 
exposure  to  the  air  for  some  time.  Ferric  hydrate  is  pre- 
cipitated immediately.^ 

4.  Fuse  a  very  small  quantity  of  a  manganese  salt  with 
fusion  mixture  and  a  little  potassium  nitrate,  KN03,  on  a 
piece  of  platinum-foil.     A  deep  green  'mass  remains.      This 
mass  is  a  mixture  of  potassium  and  sodium   manganates, 
K2MnO4  and  Na2Mn04,  and  dissolves  in  water,  giving  a 
pale  pink  solution. 

5.  In  the  outer  flame  the  borax  bead  is  coloured  amethyst 
when  cold.     In  the  inner  flame  the  bead  becomes  nearly 
colourless. 


The  most  important  salts  of  manganese  are  manganous  sulphate, 
MnSO4  and  manganous  chloride,  MnCl2.  Of  these  the  sulphate  is 
the  more  commonly  met  with.  The  manganic  salts  are  very 
unstable. 

ANAL.  D 
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ZINC,  Zn. 

Solution — Zinc  Sulphate,  ZnSO4. 

1.  Am2S  gives  a  white  pp.  of  zinc  sulphide,  ZnS. 

2.  Sodium,  hydrate,  NaHO,  precipitates  zinc  hydrate, 
Zn(HO)2,   as   a    white  gelatinous  pp.,  soluble  in  excess. 
Addition  of  AmCl  does  not  reprecipitate  the  zinc  hydrate. 
[Distinction  from  aluminium.^ 

3.  Potassium  ferrocyanide,  K4FeCye,  gives  a  white  pp.  of 
Zn2FeCy6  :  insoluble  in  dilute  acids. 

4.  Heat  some  of  the  dry  salt  on  charcoal :   a  mass  of 
zinc  oxide,  ZnO,  remains,  which  is  yellow  when  hot,  and 
white  when  cold.      Moisten  it  with  a  drop   of  cobaltous 
nitrate,   Co(N03)2,   and  again  heat  it.      The   mass   now 
becomes  green. 


The  more  commonly  occurring  zinc  salts  are  the  sulphate 
{white  vitriol,  ZnS04,  7H20),  the  chloride,  ZnCl2,  and  the  acetate 
Zn(C2H30;)2. 
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"*      GROUP  V. 

METALS  PRECIPITATED  AS   CARBONATES  BY  AMMONIUM   CAR- 
BONATE,    AlUjjCOj,     IN    THE     PRESENCE     OF    AmCl    AND 

AmHO. 

Group-reagent— AmCl,  AmHO,  and  Am2C03. 
BARIUM,  Ba     .     .    Pp.  Barium  carbonate,  BaC03    (white). 
STRONTIUM,  Sr     .      „    Strontium  carbonate,  SrC03     „ 
CALCIUM,  Ca    .    .      „    Calcium  carbonate,  CaC03       „ 

BARIUM,  Ba. 
Solution — Barium  Chloride,  Bad  . 

1.  Ammonium  Carbonate,  Am2C03  gives  a  white  pp.  of 
barium  carbonate. 

2.  Dilute  sulphuric  acid,  H2S04,  and  all   soluble   sul- 
phates, give  immediately  a  heavy  white  granular  pp.  of 
barium  sulphate,  BaSO4,  even  from  very  dilute  solutions 
of   baric    salts :    insoluble    in    dilute   acids    and  alkalies. 

Solutions  of  strontium  or  calcium  sulphate — two  sulphates  which 
are  but  slightly  soluble  in  water — constitute  the  most  delicate  test 
for  barium. 

3.  Potassium  chromate,  K2CrO4,  gives  a  lemon-yellow  pp. 
of  barium  chromate,  BaCr04 :  soluble  in  nitric  and  hydro- 
chloric  acids,  but  insoluble  in  acetic  acid.     [Distinction 
from,  strontium  and  calcium  salts,  which  give  no  pp.  from 
dilute  solutions.] 

4.  Hydrofluosilicic  acid,   H2SiF8,  produces   a  colourless 
crystalline    pp.    of   barium    silicofluoride,    BaSiF6,  which 
subsides  quickly,  especially  when  an  equal  bulk  of  alcohol 
is   added :  insoluble  in  alcohol ;  slightly  soluble  in  water 
and  dilute  acids.     [Distinction  of  barium,  from,  strontium, 
and  calcium  salts,  which  give  no  pp.] 

5.  Barium  compounds,  when  heated  in  the  lower  part 
of  a  Bunsen  flame,  colour  the   upper  part  of  the  flame 
yellowish  green. 

Barium  Chloride  BaCl2  and  barium  nitrate  Ba(NO3)2  are  the 
commonest  soluble  salts  of  barium. 
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STRONTIUM,  Sr. 
Solution — Strontium  Chloride,  SrCl,. 

1.  Ammonium  Carbonate,  Am2CO3  gives  a  white  pp.  of 
strontium  carbonate,  SrCO3.  ^ 

2.  Dilute  sulphuric  acid,  H2SO4,  and  all  soluble  sul- 
phates produce  a  white  pp.  of  strontium  sulphate,  SrS04. 
In    dilute    solutions    a    pp.    appears    after    some    time, 
more    especially  when  calcium   sulphate  is   used  as  the 
precipitant :  heat  favours  the  precipitation. 

3.  Potassium   chromate,  K2CrO4,    and    hydrofluosilicic 
acid,  H2SiF8,  give  no  pp.  with  strontium  salts.     [Cf.  tests 
3  and  4  for  barium.] 

4.  Strontium  compounds  colour  the  flame   an  intense 
crimson. 


Strontium  nitrate  Sr(NOa)2  and  Chloride  SrCl2are  the  commonest 
Boluble  compounds  of  strontium. 
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CALCIUM,  Ca. 


Solution — Calcium  Chloride,  CaCL. 

1.  Ammonium  Carbonate,   Am2C03  gives   a   white   pp. 
of  calcium  carbonate,  CaC03. 

2.  Ammonium,  oxalate,  Am2C204,  gives  a  white  powdery 
pp.  of  calcium  oxalate  even  in  largely  diluted  solutions. 
The   pp.  is   insoluble  in  acetic  and  oxalic  acids,  but  is 
readily  soluble  in  nitric  and  hydrochloric  acids. 

3.  Dilute  sulphuric  acid  or  soluble  sulphates  give,  from 
concentrated   solutions,   a  white   pp.   of  calcium  sulphate, 
CaSO4,  which  is  slightly  soluble  in  water. 

[CaS04  gives  no  pp.  with  calcium  compounds.  This  reagent  is 
conveniently  used  to  distinguish  between  Ba,  Sr,  and  Ca.  With  Ba 
it  gives  at  once  a  heavy  white  pp.,  with  the  Sr,  the  pp.  is  formed 
only  after  some  time,  and  with  Ca  it  is  not  formed  at  all^\ 

4.  Potassium   chromate,    K2Cr04,    and   hydrofluosilicic 
acid,  H2SiF0,  give  no  pp.  with  calcium  salts. 

5.  Calcium  compounds  colour  the  flame  a  yellowish  red. 


The  Chloride  and  Sulphate  are  the  compounds  of  calcium  most 
commonly  met  with. 
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GROUP  VI. 


No  Group-reagent. 


MAGNESIUM,  Mg. 
POTASSIUM,  K. 


SODIUM,  Na. 
AMMONIUM,  NH4  (Am). 


MAGNESIUM,  Mg. 
Solution — Magnesium  Sulphate,  MgSO,. 

1.  Ammonia,  AmHO,  in  the  presence  of  AmCl  gives  no 
pp.,  because  of  the  formation  of  the  soluble  double  chloride 
of  ammonium  and  magnesium,   2AmCl .  MgCl2.      In  the 
absence  of  &mCl,  part  of  the  magnesia  is  precipitated  as 
the  hydrate  Mg(HO)2,   the  double  chloride    being    also 
formed  at  the  same  time,  thus  : 

2MgCl2  +  2AmHO  =  Mg(HO)2  +  2AmCl .  MgCl2. 

[The  double  chloride  formed  in  the  presence  of  AmCl  is  not  pre- 
cipitated by  AmCO3 ;  hence  magnesium  is  not  precipitated  in  Group 
V.,  provided  a  sufficient  quantity  of  AmCl  be  present. 

2.  Hydrogen     disodium  phosphate,    Na2HP04,   in  the 
presence  of  AmHO  and  AmCl,  gives  a  white  crystalline  pp. 
of  ammonium  magnesium  phosphate,  MgAmPO4.       The 
separation  from  a  dilute  solution  of  a  salt  of  magnesium 
is  promoted  by  heating  gently  and  stirring  with  a  glass 
rod.     Very   dilute  solutions  give  a  precipitate  only  after 
standing  some  hours  in  a  warm  place. 

3.  Baryta  water  and  lime  water  precipitate  the  hydrate 
Mg(HO)2  when  ammonium  salts  are  not  present. 

4.  Heat    strongly    before    the    blowpipe    on    charcoal  : 
moisten  residue  with  cobaltous  nitrate,  and  again  heat :  a 
pale  pink  mass   will  be  obtained.      [Distinction  from  zinc 
and  aluminium.^ 

Magnesium   sulphate   MgSO^   and  magnesium   chloride  are  the 
commonest  soluble  magnesium  compounds. 
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POTASSIUM,  K. 
Solution — Potassium  Chloride,  KC1. 

1.*  Place  a  few  drops  of  the  solution  on  a  watch-glass, 
and  add  to  it  two  or  three  drops  of  platinic  chloride,. 
PtC)4,  a  little  HC1,  and  then  a  few  drops  of  alcohol.  If 
the  solution  is  concentrated,  a  dense  yellow  crystalline  pp, 
of  the  double  chloride,  PtCl4 .  2KC1,  is  at  once  formed ; 
if  the  solution  be  dilute,  the  pp.  is  obtained  only  after  some- 
time. In  this  case,  if  allowed  to  stand  quietly  for  half- 
an-hour  or  so,  a  yellow  crystalline  pp.  forms  on  the  bot- 
tom of  the  glass,  where  it  is  readily  detected  by  stirring 
it  with  the  point  of  a  thin  glass  rod.  In  very  dilute  solu- 
tions no  pp.  is  obtained. 

2.  Tartaric  acid  gives  in  concentrated  neutral  or  slightly 
acid  solutions  a  white  crystalline  pp.  of  cream  of  tartar. 
Shaking  or  stirring  favours  the  precipitation. 

3.  Potassium  compounds  colour  the  flame  violet.    Owing- 
to  the  presence  of  traces  of  sodium  in  all  potassium  salts, 
this  flame  test  is  not  always  distinct.     By  looking  at  the 
flame  through  a  piece  of  blue  cobalt  glass  the  potassium 
flame  can  be  distinguished  in  the  presence  of  sodium,  but 
this  method  is  not  very  reliable,  and,  unless  the  potassium- 
flame    is   very    distinct,    its    presence    will   need   careful 
confirmation  in  the  wet  way. 


The  nitrate,  chloride,  bromide,  iodide,  carbonate,  and  sulphate  are 
the  most  common  potassium  compounds. 


*  Potassic  iodide,  KI,  is  not  precipitated  by  PtCl4  owing  to  the 
formation  of  a  soluble  double  salt. 
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SODIUM,  Na. 

1.  Platinic  chloride,  PtCl4,  and  tartaric  acid  give  no  pp. 

2.  Potassium   metantimoniate,    KSb03,    gives    a  white 
crystalline   pp.   of  sodic    metantimoniate,    NaSbOs,    from 
concentrated  neutral  or  alkaline  solutions. 

3s*  Sodium  compounds  colour  the  flame  an  intense  golden 
yellow. 

[This  test  is  the  most  reliable  for  sodium,  but  it  must  be  remem- 
bered that  traces  of  sodium  are  always  present,  so  that  a  faint 
yellow  coloration  of  the  flame  may  in  general  be  neglected.  When 
sodium  is  present  in  quantity,  the  colour  is  characteristic  and  very 
intense.]  

All  sodium  compounds  are  soluble  in  water,  the  most  common 
being  the  chloride,  sulphate,  nitrate,  carbonate,  and  phosphate. 

AMMONIUM,  NH4(Am). 
Solution — Ammonium  Chloride,  AmCl. 

1.  Platinic    chloride,   PtCl4,   produces    in    neutral  and 
concentrated  acid  solutions  a  dense  yellow  pp.  of  the  double 
chloride,  PtCl4 .  2AmCl. 

2.  Add  NaHO  or  KHO,  and  heat  gently.     Ammonia, 
NHS,   is   given  off,  and  is   readily  recognised  by   smell, 
action  on  litmus  paper,  and  by  fuming  when  a  glass  rod 
dipped  in  HC1  is  brought  near  it. 

3.  Heat  some  dry  ammonium  chloride  in  a  test  tube  :  a 
white  sublimate  is  formed  in  the  upper  part  of  the  tube. 
All  ammonium  salts  are  volatilized  or  decomposed  by  heat. 

4.  Nessler's  test  (potassic  mercuric  iodide)  gives  a  brown 
pp.  of    NHg2I.OH2,  or  a  yellowish  brown  coloration,   ac- 
cording to  the  amount  of  ammonia  present.    This  reaction 
is  too   delicate  for  the   analysis    of   ordinary   salts,    and 
should  only  be  used  for  detecting  traces  of  ammonia. 


The  most  common  salts  of  ammonium  are  the  chloride,  carbonate, 
sulphate,  bromide,  and  nitrate. 


CHAPTER   III. 

REACTIONS   OF  THE  ACIDS. 
THE  acids  do  not  admit  of  classification  into  groups. 

SULPHURIC  ACID,  H2SO4. 
Solution — Potassium  Sulphate,  K,SO4. 

1.  Barium  chloride,  BaCl2,  gives  a  heavy  white  powdery 
pp.  of  barium  sulphate,  BaSO4,  insoluble  in  HC1. 

Use  Barium  Nitrate  Ba(N03)2  if  Silver,  Mercury  (-ous),  or  Lead 
is  present. 

2.  Lead  acetate,  Pb(C2H302)2,  gives  a  heavy  ivhite  pp. 
of  lead  sulphate,  PbS04. 

SULPHUROUS  ACID,  H2SO3. 
Solution — Sodium  Sulphite,  Na2SO3. 

1.  Add    HC1,   and,    if   necessary,   heat :    the    smell   of 
burning  sulphur  is  perceptible,  S0.2  being  evolved  ivithout 
the  precipitation  of  sulphur. 

2.  To  some  pieces  of  granulated  zinc  in  a  test  tube  add 
a  little  hydrochloric  acid  till  a  brisk  effervescence  takes 
place ;  then  pour  in  some  of  the  liquid  to  be  tested,  and 
hold  a  piece  of  filter  paper  moistened  with  lead  acetate  in 
the  escaping  gas.     Any  sulpliite  present  will  be  reduced 
by  the  hydrogen    and  converted  into    sulphuretted  hy- 
drogen, H,S,  which  will  stain  the  paper  black  with  lead 
sulphide. 

H2SOS+3H2  =  H2S  +  3H20. 

3.  Barium  chloride,  BaCL,  gives  a  white  pp.  of  BaSOs, 
soluble  in  HC1.     Most  sulphites  contain   small  quantities 
of  sulphate  (from  oxidation)  and  hence  the  pp.  with  BaCl2 
is  usually  not  completely  soluble  in  HC1. 
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HYPOSULPHUROUS  ACID  (Thiosulphuric  Acid}, 
H2S208. 

Solution — Sodium  Hyposulphite   (Thiosulphate), 
Na,S,O3- 

1.  Hydrochloric    or   dilute    sulphuric    acid   gives,    on 
warming,  a  smell  of  S02,  and  a  whitish  yellow  pp.  of  sulphur. 

2.  Silver  nitrate,  AgN03,  added  gradually,  in  excess, 
gives,  after  some  time,  a  white  pp.,  Ag2S203.       The  pp. 
slowly  decomposes,  becoming   yellowish    brown  and   then 
black,  forming  silver  sulphide,  Ag2S,  thus — 

Ag2S203+H20  =  Ag2S  +  H2S04. 

HYDROSULPHURIC  ACID,  H2S. 
Solution — Ammonium  Sulphide,  Am.S. 

1.  Heat  with  HC1 :  sulphuretted  hydrogen  gas  is  given 
off,  which  is  known  by  its  characteristic  odour  and  the 
black  stain   it  produces    on  paper  moistened  with  lead 
acetate  ;  and  most  soluble   sulphides,  since  they  contain 
persulphides,  give  a  white  pp.  of  sulphur. 

2.  Lead  acetate  gives  a  blade  pp.  of  lead  sulphide,  PbS. 

3.  Soluble    cadmium    salts   give    a  fine   yellow   pp.    of 
cadmium  sulphide^  CdS. 

4.  Heat  a  dry  sulphide  in  a  piece  of  glass-tubing  held 
obliquely  over  a  flame :  in  general,  sulphur  dioxide  gas, 
which  may  be  recognised  by  its  odour,  is  given  off. 

Tests  2 — 4  are  applicable  to  the  detection  of  H2S  as  an  aqueous 
solution  or  as  a  soluble  sulphide. 

NOTE. — All  salts  of  sulphur  acids  may  be  detected  thus. 
Fuse  with  Na2C03  on  charcoal  in  the  inner  blowpipe 
flame,  place  the  mass  on  a  bright  silver  coin,  and  moisten 
it  with  water :  a  black  stain  will  be  produced  on  the 
silver.  If  the  mass  be  acidified,  sulphuretted  hydrogen  is 
given  off. 
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HYDROCHLORIC  ACID,  HC1. 
Solution — Sodium  Chloride,  NaCl. 

1.  Silver  nitrate,  AgNOs,  gives   a  white  curdy  pp.  of 
silver  chloride,  AgCl :  insoluble  in  strong  boiling  nitric 
acid  (silver  cyanide,  AgCy,  dissolves)  :  soluble  in  solution 
of  ammonia. 

2.  Mix  with  Mn02*  and  H2S04,  and  heat :  chlorine  gas 
is  given  off,  and  may  be  recognised  by  its  colour,  odour, 
and  bleaching  action. 

3.  Strong   sulphuric    acid,    when   added   to    a   strong 
solution  of  a  chloride  or  to  the  dry  salt,  produces  acid 
fumes  of  HC1. 

CHLORIC  ACID,  HC1O3. 
Solution — Potassium  Chlorate,  KC1O;. 

1.  Heat  a  small  quantity  of  the  dry  salt  in  a  test  tube : 
fusion  first  takes  place,  then  oxygen  is  evolved,  and  when 
action  ceases  a  residue  of  potassium  chloride,  KC1,  remains. 
Dissolve  this  residue  in  water,  and  test  for  HC1  by  1,  2, 
and  3,  above. 

2.  On  adding  strong  H2SO4  to  a  few  small  crystals  of 
KC10S  in  a  test  tube,  a  yellowish  gas,  C103,  is  evolved.     On 
gently  heating,  a  series  of  detonations  occur. 

3.  On  heating  the  dry  salt,  oxygen  is  evolved,  and  may 
be  detected  by  means  of  a  glowing  splinter.     On  charcoal 
it  deflagrates  like  a  nitrate,  but  more  violently. 

Note. — Most  chlorates  are  soluble  in  water ;  hence  the 
absence  of  tests  in  the  wet  way. 


*  Common  MnOo  frequently  contains  chlorine,  the  best  is  "needle" 
or  native  "  manganese." 
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HYPOCHLOROUS  ACID,  HC1O. 

The  hypochlorites  are  all  soluble  in  water,  and  are  found 
only  in  combination  or  mixture  with  the  chlorides  of  the 
same  metal.  Bleaching  powder,  Ca(OCl)Cl,  is  the  most 
familiar  example  of  such  a  compound.  Hypochlorites  are 
distinguished  by  their  powerful  bleaching  action  in  the 
presence  of  acids. 

1.  Shake  up  some  bleaching  powder  with  water,  and 
filter  off;  then  add  to  the  filtrate  dilute  sulphuric  acid, 
H2SO4 :  chlorine  is  evolved,  and  may  be  recognised  by 
colour,  odour,*and  bleaching  action. 


HYDROBROMIC  ACID,  HBr. 
Solution — Potassium  Bromide,  KBr. 

1.  Silver  nitrate,  AgN03,  gives  a  yellowish  white  pp.  of 
silver   bromide,  AgBr:    insoluble   in    dilute  nitric    acid; 
slightly  soluble  in  ammonia. 

2.  Add  chlorine  water  to  the  solution  :  the  liquid  be- 
comes yellow  from  free  bromine.     Shake  up  with   some 
carbon  disulphide,   CS2,  which   does    not  mix   with  the 
solution,  but  dissolves   out  the  bromine,  and  an  orange- 
coloured  solution  of  bromine  in  CS2  sinks  to  the  bottom. 

3.  Mix  with  Mn02  and  H2S04,  and  heat:  bromine  vapour 
of  a  reddish  broivn  colour  is  evolved,  which  colours  paper 
moistened  with  starch,  yelloiv.     [Distinction  from  iodine  J\ 


ANALYSIS    OF  T  SIMPLE    SALT.  61 


HYDRIODIC  ACID,  HI. 
Solution — Potassium  Iodide,  XI. 

1.  Silver  nitrate,  AgNOs,  gives  a  yellow  pp.  of  silver 
iodide,  Agl :  insoluble  in  nitric  acid,  and  nearly  insoluble 
in  solution  of  ammonia. 

2.  Mei*curic  chloride,  HgCl2,  gives  a  pp.,  yellow  changing 
to  scarlet,  of  mercuric  iodide,  HgI2 :  soluble  in  excess  of 
HgCl3  or  of  KI. 

3.  Add    a  few  drops   of   chlorine   water,    the    solution 
becomes  brown  from  liberation  of  iodine.     Shake  up  with 
a  little  CS2 :  a  fine  violet-coloured  solution  of  iodine  in  CS.2 
sinks  to  the  bottom.     \_If  too  much  chlorine  water  is  used, 
colourless  IC13  is  formed.^ 

4.  Mix  with  Mn02  and  H2S04,  and  heat  in  a  long  test 
tube :  violet-coloured   iodine  vapour  is    given  off,    which 
condenses  in  the  cool   part  of  the  tube  in  grey-coloured 
crystals,  and  turns  paper  moistened    with    starch   paste 
blue. 


HYDROFLUORIC  ACID,  HP. 

Most  fluorides  are  insoluble  in  water.  The  only  one  of 
importance  \sfluor  spar,  calcium  fluoride,  CaF2. 

Place  some  powdered  fluor  spar  in  a  small  leaden  trough  ; 
add  strong  H,S04  and  mix  to  a  thin  paste.  HF  will  now 
be  freely  evolved,  and  if  a  sheet  of  glass  coated  with  wax 
be  written  on  with  a  sharp  point,  and  then  placed,  writing 
downwards,  on  the  trough,  the  writing  will  be  etched  on 
the  glass  by  the  action  of  the  fumes  of  HF  on  the  exposed 
glass. 
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HYDROCYANIC  ACID,  HCN(HCy). 
Solution — Potassium  Cyanide,  KCy. 

1.  Silver  nitrate,   AgN03,  gives  a  white  pp.   of  silver 
cyanide,  AgCy,  which  is  at  first  redissolved,  but  remains 
when  an  excess  of  AgNOs  has   been  added.     Wash  and 
dry  the  pp .,  and  then  heat  to  redness.     Metallic  silver 
remains.     [Silver  chloride,  AgCl,  melts  when  heated,  but 
is  not  decomposed.] 

2.  Dilute  sulphuric  acid,  H2S04,  when  added  to  a  very 
small    quantity   of    KCN,    gives    the     peculiar   odour   of 
hydrocyanic  acid,  HCy. 

[N.B. — This  vapour  is  very  poisonous.] 

3.  Ferrous  sulphate,  FeSO4,  and  ferric  chloride,  Fe2Cl6, 
are  added,  then  sodium  hydrate,  and  lastly  excess  of  HC1, 
a  deep  blue  pp.  of  prussian  blue  is  produced. 

4.  Place  a  little  of  the  solution  in  a  small  beaker,  add  a 
few  drops  of  dilute  sulphuric  acid,   cover  the  beaker  with 
a  watch-glass  on  the  lower  side  of  which  a  drop  of  yellow 
ammonium  sulphide  has  been  placed,  and  gently  warm  the 
beaker  on  a  sand  tray.     After  a  few  minutes,  remove  the 
watch-glass     and     evaporate     the    drop    of    ammonium 
sulphide  upon  its  lower  surface  to  dryness  over  the  flame, 
taking  care  not  to  overheat  it ;  when  cold,   moisten  the 
residue  with  a  drop  of  ferric  chloride  solution  :   a  blood-red 
coloration  will   be    produced   Fe2(CyS)6.     Simply  evapo- 
rating a  portion  of  the  original  solution  with  a  little  Am2S 
on  the  water-bath,  and  when  dry  adding  Fe2Cl6,  will,  in 
many  cases,   be  quite  sufficient.     This  is  one  of  the  best 
tests  for  hydrocyanic  acid. 
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HYDROFERROCYANIC  ACID,  H4FeCy6. 
Solution— Potassium  Ferrocyaiiide,  H4FeCy0. 

1.  Silver  nitrate  gives  a  white  pp.  of  Ag4FeCy6,  insoluble 
in  nitric  acid,  insoluble  in  ammonia. 

2.  Ferrous  sulphate,  FeS04,  free  from  ferric  salt,  gives 
a  white  pp.,  which  speedily  turns  blue  when  exposed  to  the 
air. 

3.  Ferric  chloride,  Fe2Cl6,  gives  a  pp.  of  prussian  blue. 

4.  Copper  sulphate,  CuS04,  gives  a  reddish  brown  pp.  of 
cupric  ferrocyanide. 

HYDRO-FERRIC YANIC  ACID,  H6Fe2Cy12. 
Solution — Potassium  Ferricyanide,  K0Fe,Cyu. 

(This  is  the  only  common  ferri cyanide.) 

1.  Ferrous   sulphate,    FeS04,    gives   a    deep   blue   pp. 
(TurnbuWs  blue). 

2.  Ferric  chloride,  Fe2Cl6  gives  no  pp.,  but  a  deep  brown 
or  greenish  coloration. 

3.  Silver  nitrate  gives  an  orange-red  pp.  of  Ag8Fe2Cy12, 
soluble  in  ammonia. 
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NITRIC  ACID,  HNO3. 
Solution — Potassium  Nitrate,  KNO  . 

1.  Take  a  weak  solution  of  the  nitrate,  and  dissolve  in 
it  a  crystal  of  ferrous  sulphate,  FeS04.     When  quite  cold, 
pour  into  the  tube  enough  concentrated  H2S04  to  form  a 
distinct  layer  at  the  bottom.     A  deep  purple  or  brown- 
coloured  ring  will  appear  where  the  liquids  meet. 

Note. — When  the  addition  of  FeS04  produces  a  pp. 
(e.gr.,  with  barium  nitrate),  a  portion  of  the  solution  should 
be  boiled  with  sodium  carbonate,  then  filtered,  concen- 
trated, and  the  filtrate  acidified  with  dilute  H2S04.  The 
test  may  then  be  applied  to  this  solution  which  contains 
the  acid  as  sodium  nitrate,  the  base  having  been  precipi- 
tated as  a  carbonate. 

2.  Heat  with  concentrated  sulphuric  acid  and  copper 
turnings:  nitric  oxide,  NO,   is  given  off,  which  becomes 
nitric  peroxide,  N2O4,  in  the  upper  part  of  the  tube  from 
absorption  of  oxygen. 

3.  A  nitrate  heated  on  charcoal  deflagrates. 

Note. — All  nitrates  are  soluble  in  water ;  hence  we  have 
no  pi-ecipitation  reactions.  Compare  chloric  acid. 

NITROUS  ACID,  HNO2. 
Solution — Potassium  Nitrite,  KNO.. 

1.  On  addition  of  dilute  sulphuric  acid,  H2S04,  a  yellow 
gas,  N2O3,  is  given  off.     No  gas  is  evolved  when  nitrates 
are  mixed  with  dilute  sulphuric  acid. 

2.  A  solution  of  ferrous  sulphate  gives  a  dark  brown 
coloration    on    the    addition    of    dilute    sulphuric     acid. 
[ Distinction  from  HN03.] 

3.  A  dilute  solution  of   potassic  iodide,   KI,   acidified 
with.  H2S04,  and  to  which  some   starch  paste   has  been 
added,  gives  immediately  the  blue  iodide  of  starch. 
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CARBONIC  ACID,  H2CO3. 

1.  All  carbonates  are  decomposed  by  dilute  acids  with 
the  evolution  of  C02.  This  may  be  detected  by  suspend- 
ing a  drop  of  lime  water  on  a  glass  tube  over  the  gasr 
when  the  drop  soon  turns  milky. 

Note.  —  Acid  carbonates,  or  bi-carbonates,  evolve  C02 
on  boiling,  and  are  converted  into  carbonates  ;  e.g., 
2KHC0  =  KC 


2.  Add  NaHC03  to  a  solution  of  MgS04  :  no  pp.  fs^ 
formed,  but  on  boiling  the  solution  a  white  pp.  of  MgC03 
is  quickly  formed.  The  normal  carbonate,  N"a2C03,  gives 
a  pp.  of  MgC03  at  once. 


BORIC  ACID,  H3BO;. 
Solution — Borax,  Na  B  .O: . 

1.  Add  HC1  to  a  solution  of  borax  ;    wet  a  piece  of 
turmeric  paper  with  the  solution.     The  paper  when  dried 
becomes   reddish    brown,    and,  on  treating    with    dilute 
caustic  soda,  changes  to  a  purplish  blue-black. 

Dry  the  paper  by  coiling  round  the  exterior  of  a  test-tube,  par- 
tially filled  with  water,  and  boiling  the  water  in  the  tube  over  the* 
Bunsen  flame. 

2.  Place  a  small  quantity  of  the  dry  salt  in  a  porcelain 
dish,    and    make  into  a  paste   with  H2S04 ;    cover  with 
alcohol,  and  ignite  :  the  alcohol  burns  with  a  green  fame. 

3.  Place  a  small  quantity  of  the  dry  salt  on  the  loop  of 
the  platinum-wire,  and  heat   in  the  Bunsen  flame.     The 
borate  at  once  swells  up,  and  then  shrinks  and  fuses  to  a 
transparent  glass.      If  the  salt  is  moistened  with  HC1  or 
H2S04  before  heating,  the  flame  is  tinged  green. 

ANAL.  E 
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SILICIC  ACID,  H4Si04. 
Solution — Sodium  Silicate,  Na4SiO4. 

1.  Add  HC1,  and  evaporate  in  an  evaporating  dish  to  dry- 
ness  ;  when  cold,  moisten  with  HC1,  heat,  and  add  water  : 
white  flakes  of  silica,  Si02,  will  remain  undissolved. 

2.  Fuse  a  colourless  silicate  in  a  bead  of  microcosmic 
salt :  the  silica  floats  about  in  the  bead  as  a  skeleton. 


PHOSPHORIC  ACID,  H8FO4. 
Solution — Sodium  Phosphate,  Na,  HPO;. 

1.  Silver  nitrate,   AgNOs,   gives  a  yellow  pp.  of  silver 
phosphate,  AgsPO4,  soluble  in  AmHO  and  in  acids. 

2.  Ammonium  chloride,  AmCl,  ammonia,  AmHO,  and, 
magnesium  sulphate,  MgS04,  give  a  white  crystalline  pp. 
of  ammonium  magnesium   phosphate,  AmMgPO4.      Pre- 
cipitation is  favoured  in  dilute  solutions  by  agitation  and 
allowing  to  stand  for  a  time. 

3.  Ammonium  molybdate,  AmHMo04,  gives,  on  gently 
warming,  &  finely  divided  yellow  pp.  in  solutions  containing 
excess   of   nitric    acid.       In    dilute    solutions   the   liquid 
becomes  yellow,  but  a  pp.   is  formed  only  after  gentle 
warming  and  standing  for  some   hours.       The    solution 
must  not  be  too  strong  in  phosphate. 

4.  Barium  chloride,  BaCl2,  gives  a  white  pp.  of  Ba3(P04)s, 
soluble  in  dilute  acids. 
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ARSENIC  ACID,  K,AsO4. 
Solution — Sodium  Arsenate,  Na.HAsO,. 

1.  Silver  nitrate,  AgN03,  gives  a  brick-red  pp.  of  silver 
arsenate,  Ag3As04.     [Distinction  from  phosphoric  acid.'] 

2.  Ammonium  chloride,  AmCl,  ammonia,  AmHO,  and 
magnesium  sulphate,  MgSO4,  produce  a  white  crystalline 
pp.  of  AmMgAs04,  similar  in  appearance  and  properties 
to  AmMgPCv 

3.  Ammonium  molybdate,  AmHMo04,  in  excess  gives, 
on  boiling,  a  yelloiv  pp. 

4.  Add  concentrated  hydrochloric  acid  ;  heat  to  boiling, 
and  pass  H2S    a  yellow  pp.   of    arsenic  sulphide,  As2S3, 
mixed  with  sulphur  is  obtained.     [Difference  from  phos- 
pnateJ] 

The  reduction  proceeds  much  more  quickly  if  sulphurous  acid  be 
added  before  passing  H2S. 


ARSENIOUS  ACID,  H3AsO3. 

Solution — Arsenious  Oxide,  As,O,,,  dissolved  in 
Hydrochloric  Acid,  HC1. 

[See  Arsenic,  page  40.] 
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CHROMIC  ACID,  H  CrOt. 

Solution  —  Potassium  Chr  ornate,  K  CrO,. 

(All  chromates  are  red  or  yellow.) 

1.  Silver  nitrate,  AgN08,  gives  a  dark  red  pp.  of  silver 
chromate,  Ag2Cr04. 

2.  On  adding  dilute  sulphuric  acid,  the  colour  of  the 
solution    darkens,    owing   to  formation  of  chromic  acid, 
H2Cr04.       To   this    solution   add   sulphurous   acid  :    the 
solution  becomes  green  from  reduction,  thus  :  — 


2H2Cr04  +  3H2S08  =  Cr2(S04)8+5H20. 

3.  Lead   acetate  gives  a  yellow  pp.  of  lead  chromate, 
PbCr04. 

4.  On  passing  a  current  of  H2S  gas  through  an  acid 
solution  of  a  chromate,  reduction  takes  place  ;  the  solution 
becomes  green  owing  to  formation  of  chromic  chloride, 
Cr2Cl6,  and  sulphur  is  precipitated.     Thus 


2K,Cr04  +  3H2S  +  10HCl  =  4KCl  +  Cr2Clfl+8H20+3S. 

Note.  —  This  reaction  should  be  carefully  noted,  as  it  is 
likely  to  cause  perplexity  in  testing  for  Group  II. 


CHAPTER    IV. 


SYSTEMATIC    ANALYSIS. 

Preliminary  Examination  in  the  Dry  Way. 

IP  the  substance  is  in  solution,  a  portion  should  be 
evaporated  to  dryness  on  a  water-bath  while  the  exami- 
nation in  the  wet  way  is  being  proceeded  with.  The 
residue  after  evaporation  should  then  be  examined  as 
below,  I.-VI. 

I.   NOTE    THE    GENERAL    PHYSICAL    CHARACTERISTICS   OP  THE 

SUBSTANCE. 

On  this  point  the  previous  experience  of  the  student 
must  be  his  guide,  and  for  this  purpose  he  should  note  the 
appearance,  colour,  lustre,  crystalline  form,  &c.  of  all  sub- 
stances with  clearly  marked  characteristics  which  come 
under  his  notice.  It  is  useless  to  give  any  list  of  such 
subtances,  as  they  must  be  seen  to  be  recognised. 
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II.  HEAT  A  SMALL  PORTION  OF  THE  POWDERED  SUBSTANCE 

IN    A    BULB-TUBE    IN   THE    BuNSEN   FLAME. 


OBSERVATION. 


1.  The   substance   fuses    and 
solidifies  on  cooling. 

2.  The      substance      changes 
colour — 

(a)  Yellow  while  hot,  white  ) 
on  cooling.  ) 

(fc)  From  white  to  yellowish  \ 
brown  when  hot,  dirty  light  > 
yellow  on  cooling. 

(c)  Dark  red  while  hot,  yel- ") 
lowish  brown  on  cooling.      ) 

(d)  From   white   to   orange 
and   reddish    brown,    dull 
yellow  on  cooling,  fusible 
at  an  intense  heat. 

(e)  From  yellow  to  reddish  \ 
brown   while    hot,   yellow  I 
when  cold,  fusible  at  a  red  i 
heat. 


3.  The     substance     gives    off 
water  with  or  without  fusion. 

4.  The  substance  swells  up  and 
shrinks. 


INFERENCE. 

Salts  of  the  alkalies  or 
alkaline  earths. 


ZnO. 


SnO. 


Fe20s. 


Bi,0s 


PbO. 


Salts  containing    water 
of  crystallization. 

Alums,  phosphates,  bo- 
rates. 
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II. — continued. 

OBSERVATION. 

5.  The  substance   volatilizes  ] 
and   condenses  as  a  sublimate  ? 
in  the  upper  part  of  the  tube —  ) 

(a)   Reddish     drops,     yellow 
when  cold. 

(&)  Black  sublimate,  which 
becomes  red  on  rubbing. 

(c)  Yellow  sublimate. 

(d)  Sublimate  of  small  white 

octahedral  crystals. 

6.  A  gas  is  evolved — 

(a)   O    (test     with    glowing 

splinter). 
(6)  Brown  fumes  of  N204. 

(c)  NH3  (smell  and  alkaline 

reaction). 

(d)  Violet  vapours  of  iodine. 

(e)  CO,  (lime-water  test). 

(/)     Cl    (bleaching     power, 

smell  and  colour). 
(0)  S02  (smell). 

(A)     (CX)2       (smell,      rose- 
coloured  flame). 


INFERENCE. 

S,  Eg,  As,  Sb,  NH<. 
Sulphur  or  a  sulphide. 
HgS. 

ASiSs,  HgI2. 
As,0s. 


Chlorates,  nitrates,  per- 
oxides. 

Nitrates  of  heavy  metals, 
Pb,  Bi,  Hg,  &c. 

Salts  of  NH4,  combined 
with  a.non-volatile  acid. 

Iodides. 

Carbonates  (except  those 
of  the  alkalies). 

Hypochlorites  and  some 
chlorides  andchlorates. 

Sulphites,  snlphur  com- 
pounds. 

Cyanides  of  heavy 
metals. 
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III.     HEAT  A  SMALL    QUANTITY  OF  THE   SUBSTANCE  IN  A 

TEST-TUBE   WITH   A   LITTLE    DILUTE   HC1. 


OBSERVATION 

1.  A  gas  is  evolved — 

(a)  C02  (lime-water  test). 

(6)  H2S  (smell,  and  lead  ace- 
tate paper  test). 

(c)  S02    (smell   of   burning 

sulphur) . 

(d)  S02   and   separation   of 

yellow  sulphur. 

(e)  Cl  (smell,  and  bleaching 

test). 

</)  HCy    (smell    of    bitter 
almonds) . 


INFERENCE. 


Carbonates. 

Sulphides,  except  those 
of  the  metals  of  Group 
II. 

H,SOS. 


H,S,0,. 


HC10  or  oxidizing 
agents,  e.g.,  chromates, 
chlorates,  &c. 

Cyanides. 
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IV.  HEAT  A  PORTION  OF  THE  SUBSTANCE  ON  CHARCOAL  IN 

THE    INNER    BLOWPIPE    FLAME. 


OBSERVATION. 

1.  It  decrepitates. 

2.  It  fuses  and  sinks  into  the 

•  charcoal. 

3.  It  deflagrates. 

4.  A     white     mass     remains, 
highly  luminous  while  heated. 

5.  The  cold  residue  of  4  when 
moistened  with  cobaltous  nitrate, 
Co(NOs\  and  strongly  heated,  is 

•  coloured. 

Blue. 

Pale  pink  (colour  indistinct). 
Green. 

6.  A   coloured  residue  is  left 
on  the  charcoal. 

7.  An  incrustation  is  formed 
on  the  charcoal — 

(a)  White  incrustation. 

(6)  White  (with  garlic  odour). 

(c)  Yellow  when  hot,  white  ) 
when  cold.  j 

d    Reddish  brown. 


INFERENCE. 
NaCl,  KI,  &c. 
Alkaline  salts. 

Chlorates,  nitrates. 

Alkaline   earths,  A12O5, 
Si02,  ZnO. 


A120S,   phosphates    and 

silicates. 
MgO. 
ZnO,  Sb. 

Cu,  Co,  Ni,  Mn,  Fe,  Cr. 


Am,  Hg. 
As. 

Zn. 
Cd. 
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V.  MlX  A  PORTION  OF  THE  SUBSTANCE  CAREFULLY  WITH 
FUSION  MIXTURE  AND  A  TRACE  OF  KCy,  AND  HEAT  ON  CHAR- 
COAL UNDER  THE  INNER  BLOWPIPE  FLAME. 


OBSERVATION. 

1.  A  metallic  bead  is  obtained. 

(a)  A  white  malleable  bead 

which,  marks  paper 
(yellow  incrustation  on 
charcoal). 

(b)  Soft,    white    malleable 

bead  (slight  yellowish 
incrustation). 

(c)  Hard    white     malleable 

bead  (no  incrustation). 

(d)  White  brittle  bead  (yel- 

low incrustation). 

(e)  White  brittle  bead  (white 

fumes  and  incrusta- 
tion). 

2.  Red  infusible  scales. 

3.  Magnetic    metallic    parti- 
cles. 

4.  When   the  fused   mass    is 
placed  on   a  bright  silver   coin 
and   moistened   with  a  drop  of 
water  ;  a  black  stain  of  Ag2S  is 
produced. 


INFERENCE. 
Pb. 

Sn. 

Ag. 
Bi. 

Sb, 

Cu. 

Fe,  Ni,  Co. 

Sulphur  compounds. 
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VI.  IP  THE  SUBSTANCE  IS  COLOURED,  HEAT  ON  BORAX 
BEAD. 


OBSERVATION. 

INFERENCE. 

Oxidizing  Flame.                      Reducing  Flame. 

Green. 
Yellow  (cold),  brown  (hot). 
Amethyst. 
Violet  (hot)  to  yellow-brown 
(cold). 
Blue. 
Green  (hot),  blue  (cold). 

Green. 
Dirty  green,  olive. 
Colourless. 
Grey  and  opaque. 

Blue. 
Colourless  or  red. 

Cr. 
Fe. 
Mn. 
Ni. 

Co. 
Cu. 

Black  (too  much  of  the  substance  has  been  used). 

VII.  HOLD  A  PIECE  OF  THE  SUBSTANCE   MOISTENED  WITH 

HC1  ON  THE  LOOP  OF  A   CLEAN  PLATINUM  WIRE  IN  THE  BuN- 
SEN    FLAME. 


1.   The  flame  is  yellmv, 


3. 
4. 
5. 
6. 

7. 


violet, 

intense  crimson, 

yellowish-green, 

orange-red, 

green, 

blue, 


Na. 

K. 

Sr. 

Ba. 

Ca. 

HB03  or  Cu. 

Pb,  Bi,  CuCl.2,  As4O6. 


It  is  almost  impossible  to  distinguish  from  one  another,  by  the  eye, 
the  colours  given  to  the  flame  by  Pb,  Bi,  As,  Sb,  and  K.  Arsenic 
compounds  always  evolve  a  visible  white  fume,  and  lead  invariably 
corrodes  the  platinum. 
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EXAMINATION   FOR  BASE. 
Preparation  of  Solution. 

1.  If  the  substance  is  solid,  it  should  be  finely  powdered, 
then  try  if  it  is  soluble  in  water,  in  the  cold  or  on  boiling. 
If  insoluble  in  water,  try  first  dilute  HC1,  then  concen- 
trated HC1.     If  insoluble  in  HC1,  try  aqua  regia. 

Note.  —  It  will  generally  be  found  unnecessary  to 
employ  aqua  regia,  but,  if  used,  the  solution  should  be 
evaporated  to  dryness  with  excess  of  HC1,  and  the  residue 
dissolved  in  warm  water  before  proceeding  with  the 
examination. 

2.  If  the  substance  is  insoluble  in  the  above  solvents, 
powder  it  very  finely  and  mix  thoroughly  with  five  or  six 
times    its    weight   of   pure   fusion   mixture.      Heat   the 
mixture  on  a  boat  made  of  a  large  piece  of  platinum-foil, 
first  over  the  Bunsen  flame,  and  then  over  the  blowpipe. 
When  cold,  boil  the  foil  and  the  fused  mass  with  water 
until  the  whole   mass  is  completely  broken  up  and  se- 
parated from  the  foil.     The  solution  now  contains  the  acid 
of   the   substance   combined  with  K  and  Na,  while  the 
residue  contains  the  base  as  an  oxide  or  carbonate.     Filter 
off  and  wash  the  residue  with  hot  water  until  the  washings 
give  no  alkaline  reaction.     Then — 

(a)  Test  filtrate  for  acid,  as  directed  in  examination  for, 
acid. 

(6)  Test  residue  for  base  by  dissolving  in  dilute  HC1 
and  proceeding  as  detailed  below. 

Note. — The  most  commonly  occurring  insoluble  sub- 
stances are — native  or  ignited  alumina  and  chromic  oxide  ; 
silica  and  many  silicates  ;  barium,  strontium  and  lead 
sulphates  ;  silver  chloride,  cyanide,  bromide,  and  iodide ; 
many  minerals,  e.g.,  chrome  iron  ore,  calcium  fluoride  ; 
carbon  and  sulphur. 
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3.  If  the  substance  is  provided  in  solution,  or  soluble 
in  water,  test  with  litmus  paper.  If  the  reaction  is — 

(a)  Acid.     Free  acid,  acid  salt,  or  a  normal  salt  having 
an  acid  reaction,  may  be  present. 

(b)  Alkaline.    Free  alkali,  or  alkaline  earth,  or  a  cyanide 
or  sulphide  of  an  alkali,  or  a  strong  alkali  (e.g.,  KOH  or 
NaOH  united  with  a  weak  acid — e.g.,  H2COS,  H3P04,  &c.), 
may  be  present. 

(c)  Neutral.     Water,  or  one  of  a  large  number  of  salts, 
may  be  present. 

When  the  solution  is  prepared,  the  examination  must 
be  carried  on  in  accordance  with  the  following  tables. 
When  the  base  is  found  by  this  method,  its  presence 
should  be  further  confirmed  by  the  special  tests  given  in 
Chapter  II. 
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EXAMINATION  FOR  THE  METALS  OF  GROUP  I. 

Shake  up  the  pp.,  allow  to  subside,  and  pour  off  the  clear  liquid. 
To  the  residue  add  an  excess  of  AmHO. 

The  pp.  dissolves 
and    is    reprecipi- 
tated  on   addition 
of  HN03  in  excess. 

Presence  of 
Ag. 

The   pp.   is 
blackened. 

Presence  of 
Hg 

(mercuroit*). 

The  pp.  is  not  affected 
by  AmHO. 

Presence  of  Pb. 

Confirm  by  precipi- 
tating a  fresh  portion 
of    the    solution    with 

HC1.     On   boiling,  the 
pp.  should  dissolve. 

Confirm  by  special  tests  on  pp.  30  to  32. 
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EXAMINATION  FOR  THE  METALS  OF  GROUP  VI. 

Heat  a  portion  of  original  substance  (dry,  or  in  solu- 
tioh,  better  dry)  with  NaHO  or  Ca(OH)2  in  a  test 
tube.     Evolution  of  NH3  indicates  presence  of    ... 

NH  . 

To  a  portion  of  original  solution  add  AmCl,  AmHO, 
and  Na2HP04,  and  stir  with  a  glass  rod.    A  white 
crystalline  pp.  of  MgAmPO4  indicates  presence  of 

Mg. 

Evaporate   another  portion   of   solution   to   dryness. 
Heat  to  expel  ammonium  salts,  take  up  a  portion 
of  residue  with  water,  and  add  (on  a  watch-glass, 
see   page  55)  a  few   drops   of   PtCl4.     A  yellow 
crystalline  pp.  of  2KCl.PtCl4  indicates  presence 
of           

U 

To  another  portion  of  the  residue  apply  flame  test. 
Intense  golden  yellow  flame  indicates  presence  of 

Na. 
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EXAMINATION   FOR   ACID. 

In  testing  for  acids,  the  student  should  be  guided  by — 
(a)  The  results  of  the  preliminary  examination.    In  many 
cases  the  acid  will  have  been  detected  in  this  examination, 
and  it  is  only  necessary  to  confirm  the  result  in  the  wet 
way. 

(6)  The  result  of  the  examination  for  the  lase.  The  base 
being  now  known,  and  the  properties  and  solubility  of  the 
substance  being  determined,  the  field  of  search  is  often 
considerably  narrowed.  If  no  acid  is  found,  the  substance 
may  be  an  oxide  or  hydrate,  and  here  again  a  know- 
ledge of  the  nature  of  the  base  helps  to  decide  whether 
such  a  compound  is  likely  to  occur. 


Preparation  of  Solution. 

1.  The  substance  is  in  solution  or  soluble  in  water. 

If  metals  of  Groups  I.  or  II.  be  present,  remove  them 
by  boiling  with  a  slight  excess  of  pure  sodium  carbonate, 
filter,  and  use  the  filtrate  for  the  examination  for  acids. 
If  Groups  I.  and  II.  be  absent,  use  the  original  solution. 

2.  The  substance  is  insoluble  in  iva'er,  but  soluble  in  acids. 
Boil  a  portion  of  the  solid  with  a  strong  solution  of 

sodium  carbonate,  filter,  and  use  the  filtrate. 

3.  The  substance  is  insoluble. 

Treat  as  described  for  the  preparation  of  the  solution 
for  the  examination  for  bases,  using  the  aqueous  filtrate. 

Before  adding  the  reagents,  exactly  neutralize  a  portion 
of  the  solution  with  HN03,  or,  if  acid,  with  ammonia.  If 
the  solution  has  been  boiled  with  sodium  carbonate,  the 
liquid  will  be  strongly  alkaline.  In  this  case,  make  it 
distinctly  acid  with  HN03,  boil  to  expel  C02,  and  then 
neutralize  back  again  with  ammonia. 
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OBSERVATION.  INTEREVCE. 

1.  To    neutral    solution    add 


Bad.,. 


White  pp.,  insoluble  in  HC1. 
White  pp.,  soluble  in  HC1. 


Yellow  pp. 

2.   To    another    portion,    add 
AgNOs. 

(a)  A  pp.  soluble  in  HNOS. 
i.  White,   soluble    in 

ammonia, 
ii.  "Yellow. 
iii.  Red. 
iv.  Dark  red. 

(6)   A  pp.  insoluble  in  HN03. 
i.  White,   soluble    in 

ammonia. 

ii.  Yellowish       white 
soluble     in    am- 
monia, 
iii.  Yellow,     insoluble 

in  ammonia, 
iv.  Black,        ditto, 
v.  Orange-red,  soluble 

in  ammonia, 
vi.  White,  insoluble  in 
ammonia. 


Presence  of  H2S04  (or 
H2KiF6). 

H3PO4,  H2S03,  H8B03, 
H4Si04,  H2SA  (pp. 
dissolves,  but  S  is 
slowly  thrown  down), 
H2C03  (pp.  dissolves 
with  effervescence), 
H,C,0, 

H2Cr04. 


HNO,,    H2C004,    H,C03, 

H4Si04,  H3B03. 
H3P04,  HsAs03. 
H3As04. 
H2CrO4. 

HC1,  HCN,  HC10. 
HBr. 

HI. 

H2S. 

H3FeCy6. 

H4FeCya. 
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OBSERVATION. 

If  no    pp.    is    produced    by 
BaCl2  or  AgNOs— 

3.  To   a  portion   of  solution 
add  a  solution  of  FeS04,    and 
then  pour  down  the  side  of  the 
test-tube    strong    H2S04.       See 
Note,  p.  64. 

A  brown  ring  formed  at 
junction  of  fluids  indicates 

4.  Heat   a   small  portion   of 
dry  substance  (or  residue  after 
evaporation)  in  a  test-tube  with 
strong  H2S04. 

Evolution  of  C102  and  de- 
tonation indicates  

If  no  acid  is  detected  by  1, 
2,  3,  or  4. 

5.  To  a  fresh  portion  of  the 
solution  add  Fe2Cl6. 

A  red  coloration,  not  destroyed 
on  boiling,  but  destroyed 
by  addition  of  HgCl2,  in- 
dicates  

Deep  green  or  brown  coloration 
indicates 

Deep  blue  pp.  indicates 


INFERENCE. 


HNOS 


HC10, 


HCyS. 

H6Fe2Cy12. 
H4FeCy6. 


[H3As03  and  HAs02  will  have  been  detected  in  the 
examination  for  the  base.] 
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EXAMINATION  FOR  ACID. 
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RELIMINARY  EXAMINATION. 
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EXAMINATION  FOR  ACID. 
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PRELIMINARY  EXAMINATION. 

Observation. 
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PRELIMINARY  EXAMINATION. 

Observation  . 

Smell  of  H2S  (Confirmed  by  black 
„  „  (^  acetate  paper. 
Residue  gives  black  stain  on  silver 
Violet  flame. 

EXAMINATION  FOR  BASES. 

Soluble  in  the  concentrated  acid 
Orange-red  pp- 
Soluble. 
Insoluble. 
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experiments  conclusively  show  
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W 

m 

a 

n   h 

O 

S3 

I" 

** 

§ 

"-3 

"3 

5-§ 

I?  S  °j,P, 

PH 

p 

^ 

'S   ^ 

o 

H 

u 

o5          ^  c 

o  o  c  f-  ^ 

£ 

pel 

_s 

^    r-*                ^      ^ 

.23               * 

5o      o.a 

^  .^1  -^            -J 

W 
O 

n 

<! 

s 

-^  M     .   s-i  tg 
^Wx'  2   ci 

>a  ^  S  o  ft 

g  *S  I-H*  rt  c 
•S  P  W  o  o 

2,  o  'J   2  o, 

i 

i 

Tj 

^          £ 
T3           O           3 

oT 

o 

•S 

cc     ^    ^    r    " 
Q 

2  £g   s" 

n 

CO 

^  ^  ^ 

~  B 

bC 

£ 

jf 

53  H= 

T3 

£H     fi< 

*^ 

5 

"bo 

.-    OJ 

w 

be 

. 

-§ 

w 

i-^     —  . 

^ 

^bo 

p 

J 
o 

g| 
o 

^i" 
Pi 

= 

a 

SD 

1 

0 

— 

*°  "ffl 

^o 

o 

<"^' 

1 

DD     ^ 
O  'S 

o  ^ 

CO 

°O  j^ 

s 

-g  a 

S  ^ 

1° 

sv 

T3 

"S.  cf 

§  "g 

s 

^  "i 

.-« 

3° 

3  * 

h 

o 

Ed 

CO 

o 

W 

1—  1 

i  DECOMPOSED  BY,  ACIDS. 

tes  are  decomposed 
ution  of  C02. 

0) 
"§ 

3 

nitrates  which  are 
luble  in  dilute  HNO3. 

I 
S 

B 

O 

O  ~ 

3 

^  »*» 

+     O  =4-1 

Iclg 

rH    C  '_g 

ilpliides  are  decom- 
r  HCI  (H2S  being 
or  by  HN03,  or  aqua 
h  separation  of  S. 

arc  soluble. 

insoluble  in  water 
in  acids  (evolving 
i  concentrated  HCI). 

,UBLE  IN,  OF 

1  carbona 
with  evol 

_o 

a 

rO 
0 

S  o 

S     03 

eS   >> 

J3  ^ 

*1 

®  o 

=1-1      ^H 

°A 

— 
s 

i"  3  '5 
|rj  O  ^ 

OQ    _  O    ^>rH 

"3  §  "o  Tc 
0    0    >    o7 

.—  —-,-- 

imainder 

iromates 
dissolve 
chlorine  ii 

M 

i 

< 

O 

j 

<i 

o 

a^ 

,q 

H 

O 

-°~1         * 

'2 

£% 

g  *•" 

«                   ^ 

1  S 

-S 

n~   «.        C 

•^> 

y      ~ 

O2   eg          co^ 

§ 

0    cS 

>. 

—  o 

05 

cj"  ^"*           to 

10 

o  ^ 

~ 

=  ^ 

W 

C3          •     "*^ 

L^ 

s  ^ 

: 

c3     « 

^ 

^"^  r£3  ^    *>*^'x—  ^ 

p 

—  ri 

d 

CO  NZ3 

^ 

O   c3  "t*            ~ 

e*H  ^-^ 

v 

o 

O 

g 

.  ,Q   !    £  T3 
Si      0       cop      «•-•'  « 

3^,0 

S 

p  tc   . 

SOLUBLE 

•S>-£    -S  = 

£f*<   §  i   a   «> 

§    -  °    -H  >-• 
J  tc  o     ,5-^3 

Is!  gl 

nitrates 
tes  except 

chlorides. 

bromides, 

iodides. 

ilorates. 

2^  *C  ^ 

"ZL 

0 

o 

a 

1^1 

O     X     ^ 
E-    O      •* 

sl^  |l 

-u>    cS 

c  -2 

o 

m 

0 

-S 

— 

£H     ^  ^ 

,3 

"B  -~a 

<l          ^ 

* 

§ 

- 

3            <5 

^ 

^ 

^ 

o 

03 

oi 

00 

OD 

o 

S 

M 

M 

.^8 

O 

1 

O 

rC 
^Ol 

3 

GO 

0 

1 

0) 

romidei 

o 
1 

0 

1 

O 

•/T 

0 

"§ 

s 

g 

p 

CO 

* 

5 

~ 

HH 

5 

CO 

- 

0 

APPENDIX  III. 

SUBSTANCES  GIVEN  FOR  ANALYSIS  AT  LOND.  INTER.  Sc.  AND 
PREL.  Sci.  EXAMS. 

Two  solutions  were  given  to  each  candidate  for  analysis, 
each  solution  containing  one  of  the  following  substances  : — 

1881. 

Potassic  Carbonate,  Sodic  Chloride,  Calcium  Chloride, 
Ammonic  Chloride,  Manganous  Sulphate,  Barium 
Chloride,  Zinc  Sulphate,  Ferric  Chloride,  Lead  Nitrate, 
Ferrous  Sulphate,  Antimonious  Chloride,  Magnesic 
Chloride,  Bismutii  Nitrate,  Boracic  Acid,  Mercurous 
Nitrate,  Nickel  Sulphate,  Alum,  Stannous  Chloride. 

1882. 

Potassic  Carbonate,  Sodic  Chloride,  Calcium  Chloride, 
Ammonic  Chloride,  Manganous  Sulphate,  Barium 
Chloride,  Zinc  Sulphate,  Ferrio  Chloride,  Lead  Nitrate, 
Ferrous  Sulphate,  Antimonious  Chloride,  Magnesic 
Chloride,  Bismuth  Nitrate,  Boracic  Acid,  Mercurons 
Nitrate,  Nickel  Sulphate,  Alum,  Stannous  Chloride. 

1883. 

Cadmium  Sulphate,  Barium  Nitrate,  Bismuth  Nitrate, 
Sodium  Phosphate,  Ferrous  Sulphate,  Potassium  Nitrate. 

1884. 

Sodium  Thiosulphate,  Mercurous  Nitrate,  Cadmium 
Sulphate,  Potassium  Nitrite,  Potassium  Bromide,  Silver 
Nitrate. 

1885. 

Mercuric  Chloride,  Ammonium  Chloride,  Potassium 
Iodide,  Manganese  Chloride,  Borax,  Potassium  Bromide, 
Zinc  Sulphate,  Potassium  Chlorate,  Ammonium  Phos- 
phate, Sodium  Carbonate,  Barium  Chloride,  Manganese 
Sulphate,  Sodium  Chloride,  Nickel  Sulphate,  Silver 
Nitrate,  Calcium  Chloride,  Sodium  Thiosulphate,  Sodium 
Arsenite,  Bismuth  Nitrate,  Mercurous  Nitrate,  Cadmium 
Nitrate. 
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1886. 

Zinc  Sulphate,  Potassium  Bromide,  Ammonium  Chloride, 
Barium  Nitrate,  Sodium  Phosphate,  Mercuric  Chloride, 
Manganese  Chloride,  Potassium  Carbonate,  Magnesium 
Sulphate,  Ammonium  Nitrate,  Nickel  Nitrate,  Potassium 
Chloride,  Ammonium  Chromate,  and  Cobalt  Nitrate. 

1887. 

Mercuric  Chloride,  Manganese  Chloride,  Ferrous  Sul- 
phate, Zinc  Sulphate,  Lead  Nitrate,  Barium  Nitrate  and 
Chloride,  Calcium  Chloride,  Sodium  Phosphate  and  Thio- 
sulphate,  Potassium  Chloride,  Bromide,  Iodide,  Sulphate, 
and  Carbonate,  Ammonium  Chloride  and  Phosphate, 
Magnesium  Sulphate. 

JAN.  PREL.  Sci. —  Sodium  Carbonate,  Zinc  Sulphate, 
Ammonium  Chloride,  Manganese  Sulphate,  Sodium 
Nitrate,  Manganese  Chloride. 

1888.  ' 

Mercuric  Chloride,  Manganese  Sulphate,  Manganese 
Chloride,  Potassium  Chloride,  Sodium  Phosphate,  Nickel 
Nitrate  and  Chloride,  Bismuth  Nitrate,  Borax.  Cadmium. 
Nitrate  and  Sulphate,  Potassium  Chloride,  Ammonium 
Nitrate,  Potassium  Chromate  and  Carbonate,  Cobalt 
Nitrate  and  Ammonium  Sulphate. 

JAN.  PEEL.  Sci. — Mercuric  Chloride,  Manganese  Chlo- 
ride, Zinc  Sulphate,  Ammonium  Phosphate. 

1889. 

Potassium  Bromide,  Manganese  Sulphate,  Potassium 
Carbonate,  Lead  Nitrate,  Ammonium  Chloride,  Bismuth 
Nitrate,  Boric  Acid,  Sodium  Sulphite,  Nickel  Chloride, 
Borax. 

JAN.  PREL.  Sci. — Ammonium  Nitrate,  Potassium  Chlo- 
ride, Manganese  Sulphate,  Mercuric  Chloride,  Zinc 
Sulphate,  Lead  Nitrate. 

1890. 

JAN.  PREL.  Sci. — Potassium  Bromide,  Bismuth  Nitrate, 
Aluminium  Sulphate,  Sodium  Arsenite,  Zinc  Chloride, 
Barium  Chlorate. 
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EVENING  &  VACATION   CLASSES 

ARE    HELD    AT 

UNIVERSITY    TUTOEIAL    COLLEGE, 
12&  Booksellers  Kow,  London,  W.C., 

IK 

BIOLOGY,  CHEMISTRY,  AND  PHYSICS, 

INCLUDING    THE   PRACTICAL    WORK 

For  the  convenience  of  London  students  who  cannot 
attend  the  day  classes,  or  of  provincial  students  who 
have  not  access  to  laboratories. 

In  addition  to  the  Vacation  Classes  which  are  held  at 
Christmas  and  Easter,  there  are 

LAST    MONTH    CLASSES. 


Full  particulars  will  be  sent  on  application  to 
THE    SECRETARY, 

12  .     Booksellers    Bow, 

Strand,  London,  W.C. 
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^University  Correspondence  College. 

LONDON  OFFICE  :  12^  BOOKSELLERS  Row,  STKAND,  W.C. 


FREE  GUIDES   TO 
LONDON  UNIVERSITY    EXAMS. 


MATRICULATION    GUIDE    (Issued   immediately   after   each 

Examination). — No.  VIII.,  June,  1890. 

CONTENTS  :  Hints  —  Regulations  —  Advjce  on  Text-Books  suit- 
able for  Private  Students  (including  the  Special  Subjects) — The 
Examination  Papers  set  June,  1890. 

INTERMEDIATE  ARTS  GUIDE   (I?«ued  iMmediafely   after 

each  Examination). — No.  V.,  July,  1890. 

CONTENTS:  Hints  —  Regulations — Advice  on  Text-Books  suit- 
able for  Private  Students  (including  the  Special  Subjects) — The 
Examination  Papers  set  July,  1890. 

B.A.   GUIDE   (Issued  immediately  after  each  Examination). — No. 

III.,  October,  1889. 

CONTENTS  :  Hints  (including  advice  on  the  choice  of  optional 
subjecte)—  Regulations — Advice  on  Text-Books  suitable  for  Private 
Students  (including  the  Special  Subjects) — The  Examination 
Papers  set  October,  1889,  printed  in  full. 

INTER.    SCIENCE    AND    PREL.    SCI.    GUIDE     (Issued 
immediately  after  each  July  Examination). — Xo.  II.,  July,  1890. 
CONTENTS:    Hints,  especially  on  Practical  Work — Regulations — 
Advice  on  Text-Books   saitable  for  Private  Students- -The  Exami- 
nation Papers  set  July,  1889. 


A  Copy  of  the  "  Matriculation  Guide  "  may  be  obtained  by  any 
Private  Student  who  expresses  his  intention  of  working  for  the 
Examination,  the  "  Inter.  Arts  Guide  "  or  "  Inter.  Science  and 
Prel.  Sci.  Guide "  by  any  Private  Student  who  gives  date  of 
Matriculation,  and  the  "  B.A.  Guide  "  by  any  Private  Student  who 
gives  date  of  passing  Inter.  Arts,  free  on  application  to  the — 

SECRETARY,  12!_.  Booksellers  Row,  London,  W.C. 


4, 


W.  B.  OLIVE  &  CO., 


adT 


• 
13  BOOKSELLERS  ROW,  STRAND,  W.C., 


Keep  in  stock,  in  addition  to  the  Univ.  Corr. 
Coll.  publications,  all  educational  books  and 
.scientific  apparatus  for  which  there  is  a  general 
demand,  or  which  are  required  for  London 

University  Examinations. 

- 

Enquiries  respecting  Text -Books,  if  accom- 
panied by  a  stamped  addressed  envelope,  receive 
prompt  attention. 


Orders  received  by  post  are  executed  by  return. 


TUniv.  Corr.  Coll.  {Tutorial  Series. 


The  Tutorial  Series  consists  of  Text-Books  and  Guides  specially 
written  to  meet  the  requirements  of  the  various  London  University 
Examinations  by  Tutors  of  UNIVERSITY  CORRESPONDENCE  COLLEGE. 

All  Latin  and  Greek  Classics  prescribed  for  London  University  are 
translated  in  the  Tutorial  Series,  and  also  edited  if  no  thoroughly 
suitable  commentary  has  already  been  issued.  Vocabularies  in  order 
of  the  Text  are  prepared  for  Matriculation  and  Intermediate  Arts. 

The  expense  involved  in  purchasing,  for  the  study  of  short  periods 
of  History  and  Literature,  a  large  book  which  often  contains  a  few 
pages  only  of  relevant  matter  is  obviated  by  the  issue  of  works 
specially  written  for  the  purposes  of  the  Examination.  Such  works 
are  provided  in  the  Tutorial  Series  for  each  Intermediate  Arts 
Examination,  and  also  for  B.A.  whenever  there  is  a  distinct  want. 

In  fine,  the  Tutorial  Series  fills  the  gap  which  students  seeking 
editions  of  the  special  subjects  prescribed  by  London  University  will 
find  existing  in  current  literature. 

Among  the  contributors  to  this  series  are  the  following  graduates : — 

A.  J.  WYATT,  M.A.  Lond.,  First  of  his  year  in  English  and  French. 

B.  J.  HAYES,  M.A.  Lond.,  First  in  First  Class  Honours  in  Classics 

both  at  Inter,  and  B.A.,  Gold  Medallist  in  Classics  at  M.A. 

J.  H.  HAYDON>  M.A.  Camb.  and  Lond.  (Branches  I.  and  IV.), 
Exhibitioner  in  Latin  at  Inter.  Arts,  Univ.  Scholar  in  Classics 
at  B.A.,  Gold  Medallist  at  M.A. ;  First  Class,  First  Div., 
Classical  Tripos  ;  Assistant  Examiner  at  London  University. 

W.  F.  MASOM,  B.A.  Lond.,  First  Class  Honours  (Classics)  at  ±J.A., 
Double  Honours  (French  and  English)  at  Inter.  Arts,  Second  in 
Honours  at  Matric.,  University  Exhibitioner. 

M.  T.  QUINN,  M.A.  Lond.,  First  of  his  year  in  Branch  I. ;  First  in 
First  Class  Honours  in  Classics  both  at  Inter.  Arts  and  B.A., 
Examiner  in  the  University  of  Madras ;  late  Tutor  of  Uni- 
versity Correspondence  College. 

S.  MOSES,  M.A.  Oxon.  and  B.A.  Lond.,  First  in  Honours  at  Matricu- 
lation, Exhibitioner  in  Latin  at  Inter.  Arts,  and  First  Class 
Honour-man  at  B.A.,  Assistant  Examined  at  London  University. 

G.  F.  H.  SYKES,  B.A.  Lond.,  Classical  Honours,  Assistant  Examiner 
at  London  University. 

A.  H.  ALLCROFT,  B.A.  Oxon.,  First  Class  Honours  at  Moderations 
and  at  Final  Classical  Exam. 

C.  S.   FEARENSIDE,   M.A.  Oxon.,  Honours  in  Modern  History  and 

Classics  (First  Class). 

W.  H.  Low,  M.A.  Lond.  (German  and  English). 
J.  WELTON,  M.A.  Lond.,  First  of  his  year  in  Mental  and  Moral  Science, 

bracketed  First  of  the   B.A.'s  at  Degree  Exam.,  Honours   in 

English,  and  French ;  First  in  Moral  Sciences  Tripos,  Cambridge. 
G.  H.  BRYAN.  M.A.,  Fellow  of  St.  Peter's  College,  Cambridge. 
R.  W.  STEWART,  B.Sc.  Lond.,  First  in  First  Class  Honours  in  Chemistry 

at  Inter.  Sc.,  and  First  in  First  Class  Honours  in  Physics  at  B.Sc. 
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Cbe  Cutonal  Series- Matriculation. 


MATRICULATION  DIRECTORY,  with  FULL  AN- 
SWERS to  the  Examination  Papers.  (Published  during 
the  week  following  each  Examination.)  No.  VIII.,  June,  1890. 
Cloth  gilt,  Is. 

CONTEXTS  :  Introductory  Hints — University  Regulations — Advice 
on  the  choice  of  Text-Books  (including  Special  Subjects) — Matricu- 
lation Examination  Papers  set  June,  1890 — Pull  Solutions  to  all 
the  above  Examination  Papers  by — 

B.  J.  HAYES,  M.A.  Lond.,  First  in  First  Class  Honours  in  Classics  at 

Inter,  and  B.A.,  Gold  Medallist  in  Classics  at  M.A. 
"W.  F.MASOM.B.  A. Lond.,  First  ClassHonours  in  ClassicsatB.  A.,  French 

and  English  Honours  at  Inter.,  2nd  in  Honours  at  Matric.,  &c. 
A.  J.  WYATT,  M.A.  Lond.,  Head  of  the  M.A.  List  in  English  and 

French,  Teacher's  Diploma,  &c. 
L.  J.  LHUISSIER,  B.A.  Lond.,  First  in  Honours  at  Inter,  and  B.A., 

B.-es-Sc.,  B.-es-L.  Paris,  also  of  Stuttgart  and  Strasburg  Univs. 
W.  H.  Low,  M.A.  Lond.  (German  and  English). 
G.  H.  BRYAN,  M.A.,  Fellow  of  St.  Peter's  College,  Cambridge. 

C.  W.  C.  BAKLOW,  M.A.,  Sixth  Wrangler,  First  Class  in  Part  II.  of 

Math.  Tripos,  Mathematical  Honounnan  at  Inter.  Arts,  Lond. 
W.  H.  THOMAS,  B.Sc.Lond.,  First  in  First  Class  Honours  in  Chemistry. 
R.  W.  STEWART,  B.Sc.  Lond.,  First  in  First  Class  Honours  in  Chemistry. 

at  Inter.  Sc.,  and  First  in  First  Class  Honours  in  Physics  at  B.Sc. 
C.  W.   KIMMINS,  D.Sc.  Lond.,  M.A.  Camb.,  First  in  First  Class 

Honours  in  Botany  at  B.Sc. 

"  These  solutions  are  uniformly  accurate."— Journal  of  Education. 

"  No  candidate  could  desire  a  more  reliable  guide."—  The  Schoolmaster. 

"  Books,  method  of  study,  and  other  matter  of  importance  are  treated  with  a 
fulness  of  knowledge  that  only  experts  can  possess." — Educational  News. 

"  No  better  aruide  has  ever  been  published  for  the  London  Matriculation." — 
Private  Schoolmaster. 

Matriculation  Directory.  Nos.  I.,  III.  (containing  the  Exam. 
Papers  of  Jan.,  1887,  and  Jan.,  1888;  with  ANSWERS  to  the 
Mathematical  Questions),  6d.  each.  Nos.  IV.,  VI.,  VII.  (con- 
taining the  Exam.  Papers  of  June  1888,  June  1889,  and  Jan.  1890, 
with  full  Answers),  Is.  each.  Nos.  II.  and  V.  are  out  of  print. 

Six  Sets  of  Matriculation  Exam.  Papers,  June,  1887,  to  Jan., 

1890.     Is. 
Matriculation  Exam.  Papers  (in  all  subjects).     June,  1889,  and 

Jan.  and  June,  1890,  3d.  each  set. 

•»*  To  facilitate  the  use  of  these  Questions  at  school  examinations,  each  Paper 
has  been  printed  on  a  leaf  by  itself,  and  may  thus  easily  be  torn  out. 
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The  London  Latin  Grammar.  By  ALLCKOFT,  HAYDON,  and 
II  IYES.  3s.  6d.  [In  preparation. 

Latin  Accidence.  With  numerous  EXERCISES.  Bv  J.  H.  HAYDON, 
M.A.  Camb.  and  Lorid.,  and  B.  J.  HAYES,  M.A.  Lond.  2s.  6d. 

[In  preparation. 

Latin  Syntax  and  Composition.  By  A.  H.  ALLCROFT.B.A.  Oxon., 
and  B.  J.  HAYKS,  M.A.  Lond.  Is.  6d.  EXERCISES,  Is.  KEY, 
2s.  6d. .  LI>i  the  pre*£. 

London  Undergraduate  Unseens :  A  Reprint  of  all  the  Latin 
and  Greek  Passages  set  for  Unprepared  Translation  at  Matricu- 
lation and  Intermediate  Arts,  together  with  schemes  for  reading 
in  order  of  difficulty.  Is.  6d. 

The  London  Latin  Reader.     Is.  6d.     KEY,  2s.  6d.     [Shortly. 
Matriculation  Latin.      By  B.J.  HAYES,  M.A.  Lond.     Third  Edi- 

tion,  Enlarged.     Is.  6d. 

CONTENTS:  Choice  of  Text-Books— Plan  of  Study  for  18  Weeks,  with  Notes 
and  Hints — Matric.  Exam.  Papers  in  Latin  Grammar  from  1881  to  1890— Illus- 
trative Sentences  for  Latin  Prose — List  of  words  differing  in  meaning  according 
to  quantity — Model  Solutions,  &c. 

I"rench  Prose  Reader.    By  S.  BARLET,  B.-es-Sc.,  and  W.  F.  MASOM, 

B.A.  Loud.     Is.  6d. 
Matriculation  Mathematics.     Foifrth  Edition.     Is.  6d. 

CONTENTS:  Hints— Choice  of  Text-Books— Scheme  of  Study  for  18  Weeks— 
18  Test  Papers — 66  Miscellaneous  Questions— 256  Selected  Examples — Answers — • 
Model  Solutions  to  5  Sets  of  Examination  Papers — List  of  Euclid's  Propositions 
set  at  Matriculation  during  10  years. 

"  Here  we  have  a  book  which  will  save  the  candidate  for  Matriculation  many 
an  hour's  profitless  grind,  and  doubtful  groping.'"— Educational  Journal. 

"  Will  uo  doubt  serve  its  purpose  excellently." — Journal  of  Education. 

Elementary  Text- Book  of  Heat  and  Light.   By  R.W.STEWART, 

B.Sc.  Lond.     3s.  6d. 

This  book  embraces  the  entire  Matriculation  Syllabus,  and  contains  over  160 
Diagrams. 

"  A  student  of  ordinary  ability  who  works  carefully  through  his  hook  need 
not  fear  the  examination." — The  Schoolmaster. 

"It  will  be  found  an  admirable  text-book," — Educational  Xeics. 

Heat  and  Light  Problems,  with  numerous  Worked  Examples. 

By  R.  W.  STEWART,  B.Sc.  Lond.     Is.  ed^i^M  • 
Text-Book  of  Magnetism  and  Electricity,  embracing  the  entire 

Matriculation    Syllabus,  with  numerous  Diagrams.     By  R.  W. 

STEWART,  B.Sc.  Lond.  [Readu  Fcl>.  1891. 

:r<  ,aK  ,'"' 
Text-Book  of  Chemistry.  [In  preparation. 

6 
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Matriculation  Greek  Papers  :  A  Reprint  of  the  last  Thirty 
Examination  Papers  in  Greek  set  at  London  University  Matri- 
culation ;  with  Model  Answers  to  the  Paper  of  January,  1890, 
by  B.  J.  HAYES,  M.A.  Loud.,  and  W.  F.  MAse^B.A.  Lond.  Is. ; 
cloth  gilt,  Is.  6d. 

Matriculation  French  Papers  :  A  Reprint  of  the  last  Twenty-two 
Examination  Papers  in  French  Bet  at  Matriculation  ;  with  Model 
Answers  to  the  Paper  of  June,  1888,  by  W.  F.  MASOM,  B.A. 
Lond.  Is.  ;  cloth  gilt,  Is.  6d. 

Matriculation  English  Language  Papers  :    A  Reprint  of  the 

'  last  Twenty-two  Examination  Papers ;  with  Model  Answers  to 
the  Paper  of  June,  1889,  by  A.  J.  WYATT,  M.A.  Lond.,  and 
W.  F.  MASOM,  B.A.  Lond.  is. ;  cloth  gilt,  Is.  6d. 

Matriculation  English.  History  Papers  :  A  Reprint  of  the  last 
Thirty -two  Examination  Papers  ;  with  Model  Answers  to  that  of 
June,  1888,  by  W.  F.  MASOM,  B.A.  Lond.  Is. ;  cloth  gilt,  Is.  6d. 

Matriculation    Mechanics    Papers :    The     last     Twenty  -  six 

PAPERS   set  at  London   Matriculation,   with  Solutions    to  June, 

1888,  and    Jan.   and  June,  1889,  Hints  on  Text-Books,  and   199 

Additional  Questions,  with  Results.     Is. ;   cloth  gilt,  Is.  6d. 

*#*  To  facilitate  the  use  of  these  Questions  at  school  examinations, 

each  Paper  has  been  printed  on  a  leaf  by  itself,  and  may  easily  be  torn 

out  without  injury  to  the  rest  of  the  book. 

Worked    Examples    in    Mechanics    and    Hydrostatics;     A 

Graduated  Course  for  London  Matriculation.  [I/i  the  prt .'.-•.-•. 

Matriculation  Chemistry.     NOTES  and  PAPKKS.    Second  Edition. 

Enlarged.     Is.  6d. 

CONTENTS  :  Advice  on  Text-Books — Definitions  and  Theory — Notes  for  16 
Lessons— 18  Test  Papers — Answers  and  Model  Solutions— Glossary. 

OPINIONS  OF  THE  PRESS"  ON  THE  TUTORIAL  SERIES. 

"  The  Tutorial  Series  (published  at  the  London  Warehouse  of  University 
Correspondence  College,  a  new  but  useful  and  thriving  sidjunct  to  the  ordinary 
educational  machinery)  is  the  best  of  its  kind."—  Educational  Times. 

"  The  University  Correspondence  College  Tutorial  Guides  to  the  London  Uni- 
versity Examinations  have  gained  a  great  reputation,  just  as  the  Correspondence 
College  has  earned  a  high  distinction  among  students."  —  School  Board 
Chronicle. 

"  In  the  way  of  Guides  to  the  Examinations  of  the  London  University,  the 
University  Correspondence  College  Tutorial  Series  seems  to  have  developed  a 
speciality,  and  so  far  as  we  can  see  has  outstripped  all  its  rivals." — Practical 
Teacher. 

"  Drawn  up  in  a  useful  and  workmanlike  fashion,  the  books  give  abundant 
proof  of  sound  scholarship  specialised  and  applied  to  the  requirements  of  the 
London  examinations." — /Schoolmaster. 
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SPECIAL   SUBJECTS. 


FOB    JANUARY.     1891. 

Horace,  Odea,  Book  I.     Edited  by  A,  H.  ALU  BOFT,  B.A.  Oxon., 
ami  B.  J.  HAYES  M.A.  Loud. 

PART  I.  :TKXT,    INTRODUCTION,  and  NOTES.     IB.  6d. 

PART  II.  :  A  VOCABULARY    (in  order  of  the  Text),  witli 

TEST  PAPERS.     Interleaved,  Is. 
PART  III.  :   A  LITERAL  TRANSLATION.     1». 
TH*  THRKE  PARTS  is  ONE  TOL.     2*.  6d. 

Horace.  Odes,  Book  II.     Edited  by  A.  H.  ALtruorr,  B.A.  Oxon., 
and  B.  J.  HAYES,  M.A.  Lcmd. 

PARTI.:    TEXT,  INTRODUCTION,  anil  NOTKS.     Is.  6d. 
PART  II. :   A  VOCABULARY   (in  order   of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III. :    A  LITERAL  TRANSLATION.     Is. 
THE  THREE  PARTS  IN  ONE  VOL.     9m.  6d. 

"A  beautifully  printed  text,  in  cle.-r  type,  -which  it  is  a  pleasure  of  itself  to 
read.  . . .  Notes  which  leave  no  difficulty  unexplained."—  Tin  Sckoolvuuter. 

"The  hook  juay  l>e  heartily  reeonmiendcd."—  J'rirale  Schodtmaiter, 

"  The  notes  abound  in  valuable  scholarly  hints.  .  .  .  The  vocabulary  and  the 
test  papers  will  lie  found  of  real  service." — School  JioarU  Chronicle. 

"The  translator  has  stuck  very  closely  by  his  oricnml,  \et  at  the  same  time 
uvoided  the  dulness  of  an  entirely  prosaic  renderini;."— Practical  Teacher. 

FOB.     JUNE,     1891. 

Livy.  Boot  I.     Edited  by  A.  H.  ALLCROFT,  B.A.  Oxon.,  and  W.  F. 
MASOM,  B.A.  Lond. 

PART  I. :   TEXT,  INTRODUCTION,  and  NOTES.     Is.  6d. 
PART  II.  :    A  VOCABULARY  (in  order  of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III. :  A  LITERAL  TRANSLATION.     By  H.  M.  CKIM.U.V, 

M.A.  Lond.     Is.  Gd. 
THE  THREE  PAKTS  IN  O.M:  vm..     SB.  6d. 
"  Itt-serves  hich  commendation." — Eilueatwnal  '> 
"The  notes  are  numerous  and  iroml." — School  (Hmmrdi an. 
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{Tutorial  Scries—  flDatneulation. 

SPECIAL   SUBJECTS. 


FOR     JANUARY,     1892. 

(Ready  December,  1890.) 

Caesar.     Gallic    War,    Book    V.      Edited  by  A.  H.   ALLCROFT, 
B.A.  Oxon.,  and  \V.  F.  MASOM.  B.A.  Loud. 

PART  I.  :  TEXT,  INTRODUCTION-,  and  NOTES*.     Is.  6d. 
PART  II.  :    A  VOCABULARY    (ill   order  of   the   Text),   with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III.  :  A  LITERAL  TRANSLATION.     Is. 
THE  THREE  PARTS  IN  ONE  vol..     2s.  6d. 

Caesar.  -Gallic  War,   Book  VI.      Edited  by  A.   H.  ALLCROFT,. 
B.A.  Uxon.,  and  W.  F.  MASOM.  B.A.  Lond. 

PART  I.  :  TEXT.  INTRO  i)  r<  TION.  and  NOTES.     Is.  6d. 
PART  II.:   A  VOCABULARY   (in  order  of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III.:  A  LITERAL  TRANSLATION.     Is. 
THE  THREE  PARTS  IN  ONE  VOL.     2s.  6d. 

Homer.     Odyssey.    Book    IV.      A   LITERAL   TRANSLATION.      By 
A.  F.  BURNET,  M.A.  Louu.     Is.  6d. 

FOR     JUNE,     1892. 

(Ready  early  in  1891.) 

Vergil.—  Aeneid,  Book  VI.      Edited  by  A.   H.  ALLCROFT,  B.A, 
Oxon..  and  B.  J.  HAYES.  M.A.  Lond. 

PART  I.  :  TEXT,  INTRODUCTION*,  and  NOTES.     Is.  6d 
PART  II.  :  A  VOCABULARY    (in  order  of  the  Text),   with 

TEST  PAPERS.     Interleaved.  Is. 
PART  III.:  A  LITERAL  TRANSLATION.     lg. 
THE  THREE  PARTS  IN  ONE  VOL.     2s.  6d. 

Vergil.—  Aeneid,  Book  VII.      Edited  by  A.  H.   ALLCROFT,  B.A. 
Oxon..  and  B.  J.  HAYK-.  .M.A.  Lond. 

PART  I.  :  TEXT,  INTRODUCTION,  and  NOTES.     Is.  6d. 
PART  II.  :   A  VOCABULARY   (in  order  of  the  Text),  with 

TEST  PAPERS.     /  ;.  Is. 

PART  III.  :  A  LITERAL  TRANSLATION.     Is. 
THE  THREE  PA>  V..L.     2s.  6d. 

Xenophon.  —  Anabasis,    Book   IV.      A  LITERAL   TRANSLATION. 
By  A.  F.  BURNET.  M.A.  L^nd.     Is.  6d. 
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tutorial  Series—  3nter.  Hrt0. 


INTERMEDIATE    ARTS    DIRECTORY,     with     PULL 

ANSWERS  to  the  Examination  Papers.  (Published 
during  the  iceeTc  following  each  Examination.)  No.  III.,  1890. 
Is.  6d. 

COXTEXTS  :  Introductory  Hints — University  Regulations— Advice 
on  the  Choice  of  Text-Books  (including  Special  Subjects  for  1881) — 
Examination  Papers  set  July,  1890  —  Full  Answers  to  the 
above  Examination  Papers  (except  Special  Subjects  for  the  year)  by 
the  following  Tutors  of  University  Correspondence  College  : — 

B.  J.  HAYES,  M.A.  Lond.,  First  in  First  Class  Honours  in  Classics  at 

Inter,  and  Final  B.A.,  Gold  Medallist  in  Classics  at  M.A. 
W.F.MASOM,  B.  A.Lond.,First  Class  Honours  in  Classics  at  B.A.,French 

and  English  Honours  at  Inter.,  2nd  in  Honours  at  Matric.,  Ac. 
A.  J.  AV.TATT,  M.A.  Lond.,  Head  of  the  M.A.  List  in  English  and 

French,  Teacher's  Diploma,  &c. 
L.  J.  LHUISSIEE,  B.A.  Lond.,  First  in  Honours  at  Inter,  and  Final, 

B.-es-Sc.,B.-es-L.Paris,  also  of  Stuttgart  &  StrasburgUniversities. 
G.  H.  BRYAX,  M.A.,  Fellow  of  St.  Peter's  College,  Cambridge. 
•C.  W.  C.  BARLOW,  M.A.,  Sixth  Wi angler,  First  Class,  First  Div.,  ia- 

Part  II.  of  Math.  Tripos,  Mathematical  Honour-man  ftt  Lond. 

"  Students  preparing  for  London  University  Degrees  are  recom- 
mended to  see  this  little  book,  which  is  full  of  that  particular  kind  of 
information  so  needful  to  those  about  to  undergo  examination.  The 
article  on  'Suitable  Text- Books  for  Private  Students'  is  specially 
commendable." — Teachers'  Aid. 

"  The  '  Intermediate  Arts  Guide'  contains  an  excellent  selection  of 
Text-Books." — Practical  Teacher. 

"  A  really  useful  '  Intermediate  Arts  Guide,'  than  which  nothing 
can  be  better  for  the  private  student  who  intends  to  present  himself  at 
the  London  University  Examination  of  next  July." — School  Guardian. 

Intermediate  Arts  Directory,  No.  II.,  1880,  with  fall  Answers 
to  the  Examination  Papers  (excluding  Special  Subjects  for  the 
year).     Is.  6d. 
The  Intermediate  Arts  Directory  for  1888,  ivithfull  Answers  to  all  the 

Papers  (including  Special  Subjects  for  the  year),  price  2s.  6d.,  may  still 

be  had. 

Intermediate  Arts  Examination  Papers   (in  all  subjects)  for 

1888  and  1889.     6d! 

The  Inter.  Arts  Exam.  Papers  for  1886  and  1887  (with  Ansicers  to 
the  Mathematical  Questions)  may  still  be  had,  price  Is. 
10 
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tutorial  Series— Jnter*  Hrts, 


Intermediate  Latin.     By  W.  F.  MASOM,  B.A.  Lond.,  and  B.  J. 

HAYES,  M.A.  Lond.     Second  Edition,  Enlarged.     2s.  6d. 
CONTENTS:  Choice  of  Text-Books—Plan  of  Study  for  30  weeks,  with  Notes 
and  Hints  on  Grammar  and  Roman  History — University  Examination  Papers 
in  Grammar,  Composition,  and  History  from  1871  to  1889,  with  Model  Answers 
to  the  Papers  of  1888  and  1889— Illustrative  Sentences  for  Latin  Prose,  &c. 

Latin  Syntax  and  Composition.  By  A.  H.  ALLCROFT,  B.A.  Oxon., 
and  B.  J.  HAYES,  M.A.  Lond.  Is.  6d.  EXERCISES,  Is. 
KEY,  2s.  6d.  [In  the  press* 

London  Undergraduate  Unseens.  A  Reprint  of  the  Unseen 
Latin  and  Greek  Passages  set  at  Matric.  and  Inter.  Arts,  together 
with  schemes  for  reading  in  order  of  difficulty.  Is.  6d. 

The  London  Latin  Reader.     Is.  6d.     KEY,  2s.  6d.        [Shortly. 
History  of  the  Reign  of  Augustus.     By  A.  H.  ALLCROFT,  B.A. 

Oxon.,  and  J.  H.  HAYDO.V,  M.A.  Camb.  and  Lond.     Is. 
Synopsis  of  Roman  History  to  A. p.  14.   Is.  6d.    [In  preparation. 

Latin  Honours  Papers :  A  Reprint  of  the  Papers  in  Gram- 
mar and  History,  set  at  the  London  Intermediate  Exami- 
nation in  Arts  (Hons.),  1874—  1888;  together  with  all  the 
B.A.  (Hons.)  and  M.A.  papers  in  Latin  Grammar.  3s.  6d. 

Intermediate  Greek.     By  B.  J.  HAYES,  M.A.  Lond.,  and  W.  F. 

MASOM,  B.A.  Lond.     Second  Edition.     2s.  6d.  [Shortly. 

CONTENTS:  Advice  on  Text-Books— Plan  of  Study  for  30  weeks,  with  indica- 
tion of  important  points — Notes  and  Hints  on  Grammar,  &c. — A 11  the  University 
Examination  Papers  in  Grammar,  with  Model  Answers  to  1888-90. 

Intermediate  French  Papers,  1877  to  1888.     2s. 

Advanced  French  Reader.     By  S.  BAKLKT,  B.-es-Sc.,  and  W.  F. 

MASOM,  B.A.  Lond.     3s.  6d. 
Notabilia  of  Anglo-Saxon   G-rammar.     By  A.  J.  WYATT,  M.A. 

Lond.     Is.  6d.     (l-'ou   HONOURS.) 
Intermediate  Mathematics.     By  the  PRINCIPAL  of   University 

Correspondence  College.     Fifth  Thousand.     2s.  6d. 
Synopsis  of  Elementary  Trigonometry.     Is.      [In  the  press. 
Coordinate  Geometry.    By  W.  BRISGS  and  G.  H.  BRYAN.     Part  I. 

2s.  [In  the  press. 

Worked   Examples  in  Coordinate   Geometry  :    A  Graduated 

Course  on  the  Line  and  Circle.     Is.  6d.  [In  the  press. 
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She  tutorial  Series— 3nter.  Hrts,  1891, 

Vergil. — Aeneid  IX.  Edited,  with  INTRODUCTION  and  NOTES,  by 
A.  H.  ALLCKOFT,  B.A.  Oxon.,  and  W.  F.MASOM,B.A.  Lond.  Is.  Gel. 

Vergil. — Aeneid  X.  Edited,  with  INTRODUCTION  and  NOTES,  by 
A.  H.  ALLCROFT,  B.A.  Oxon.,  and  B.  J.  HAYES, M.A.  Lond.  Is.  6d. 

Vergil. — Aeneid  IX.  and  X.  A  VOCABULARY  (interleaved)  in 
order  of  the  Text,  with  TEST  PAPERS.  Is. 

Vergil. — Aeneid  IX.  and  X.    A  TRANSLATION.    By  A.  A.  IRWIN 

NESBITT,  M.A.     Is.  6d. 

Tacitus. — Annals,  I.  Edited  by  W.  F.  MASOM,  B.A.  Lond.,  and 
C.  S.  FEARENSIDE,  M.A.  Oxon. 

PART  I.     INTRODUCTION,  TEXT,  and  NOTES.     2s.  6d. 
PART  II.     A  VOCABULARY  (interleaved)   in  order  of  the 

Text,  with  TEST  PAPERS.     Is. 
PART  III.     A  TRANSLATION.     2s. 
THE  THREE  PARTS  IN  ONE  VOL.     4s.  6d. 

Herodotus,  VI.     Edited  by  W.  F.  MASOM,  B.A.  Lond.,  and  C.  6. 

FEARENSIDE,  M.A.  Oxon. 

PART  I.     INTRODUCTION,  TEXT,  and  NOTES.     3s.  6d. 
PART  II.     A  VOCABULARY    (interleaved)   in   order  of  the 

Text,  with  TEST  PAPERS.  Is. 
PART  III.  A  TRANSLATION.  2s. 
THE  THREE  PARTS  IN  ONE  VOL.  5s.  6d. 

"  If  the  student  carefully  follows  out  the  judicious  instructions  in  tte  article 
which  introduces  the  book,  we  can  almost  assure  him  ultimate  success."—  The 
Schoolmaster. 

History  of  England,  1485  to   158O.     By  C.  S.  FEARENSIDE, 

M.A.  Oxon.,  and  W.  H.  Low,  M.A.  Lond.     3s.  6d. 
Synopsis  of  English  History,  1485  to  158O.     Is.  6d. 

History  of  English  Literature,  1485  to  158O.      By  W.  H. 

Low,  M.A.  Lond.     3s.  6d. 
Shakespeare. — Henry  VIII.    With  INTRODUCTION  and  NOTES  by 

W.  H.  Low,  M.A.  Lond.     Second  Edition.     2s. 
Intermediate  English,  1891.      Questions  on  all  the  Pass  and 

Honours  subjects  set.     2s. 
Notes  on  Spenser's  Shepherd's  Calender,  with  an  INTRODUC- 

TJON.  By  A.  J.  WYATT,  M.A.  Lond.    (For  HONOURS,  1891.)     2s. 
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{Tutorial  Seriee—  3ntci\  Hrts,  1892, 


Y-HOTDilHIg  .A.g 

(Ready  early  in  1891.) 

Cicero.  —  Pro  Plancio.     Edited  by  R.  C.  B.  KERIN,  B.A.  Lond., 
and  J.  THOMPSON-,  B.A.  Camb. 

PART  I.  :  INTRODUCTION,  TEXT,  and  NOTES.     2s.  6d. 
PART  II.:    A  VOCABULARY   (in  order  of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III.  :  A  CLOSE  TRANSLATION.     Is.  6d. 
THE  THREE  PARTS  IN  ONE  VOL.     4s.  6d. 

Horace.  —  Satires.     Edited  by  A.   H.  ALLCROFT,  B.A.  Oxon.,  and 
B.  J.  HAYES,  M.A.  Lond. 

PART  I.  :  INTRODUCTION,  TEXT,  and  NOTES.     3s.  6d. 
PART  II.  :   A  VOCABULARY  (in  order  of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III.:  A  CLOSE  TRANSLATION-.     2s. 
THE  THREE  PARTS  IN  ONE  VOL.     5s.  6d. 

Euripides.  —  Ion.     Edited  by  J.  THOMPSON,  B.A.  Camb  ,  and  A.  F. 
BURNET,  M.A.  Lond. 

PART  I.  :  INTRODUCTION,  TEXT,  and  NOTES.     2s.  6d. 
PART  II.:    A  VOCABULARY  (in  order  of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III.  :  A  CLOSE  TRANSLATION.     2s. 
THE  THREE  PARTS  IN  ONE  VOL.     4s.  6d. 

History  of  England,  176O  to  1798.      By  C.  S.  FEAREXSIDE, 
M.A.  Oxon.,  and  W.  H.  Low,  M.A.  Lond.     3s.  6d. 

Synopsis  of  English  History,   176O   to   1798.       By    C.    S. 

FEAREXSIDE,  M.A.  Oxon.     Is.  6d. 
History  of  English  Literature,  176O  to  1798.      By  W.   H. 

Low,  M.A.  Lond.     3s.  6d. 
Sheridan.      The    Rivals.       Edited  by  W.  II.   Low,  M.A.  Lond. 

Is. 
Sheridan.  —  The    Critic.      Edited  by  W.   H.  Low,  M.A.  Lond. 

Is! 
Intermediate  English,  1892.     QUESTIONS  on  all  the  Pass  and 

Honour  Subjects  set.     2s. 
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{Tutorial  Series—  B.H. 
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THE  B.A.  DIRECTORY,  with  FULL  ANSWERS  to  the 

Examination    Papers.       (Published   a  fortnight   after   each 
Examination.)     No.  L,  1889.     2s. 

CONTEXTS:  Introductory  Hints  —  University  Regulations  —  Advice 
on  the  Choice  of  Text-Books  (including  Special  Subjects  for  1890)  — 
Examination  Papers  set  October,  1889—  Pull  Solutions  to  all 
the  above  Examination  Papers  (except  Special  Subjects  for  the  Year) 
by  the  following  Tutors  of  University  Correspondence  College  :  — 

B.  J.  HAYES,  M.A.  Lond.,  First  in  First  Class  Honours  in  Classics  at 

Inter,  and  B.A.,  Gold  Medallist  in  Classics  at  M.A. 
W.  F.  MASOM,  B.A.  Lond.,   First  Class  Honours  in  Classics  at  B.A., 

French  and   English   Honours  at   Inter.,    Second   in   Honours 

at  Matric.,  &c. 
A-  H.  ALLCROFT,  B.A.  Oxon.,  First  Class  Honours  at  Moderations 

and  at  Final  Classical  Exam. 
A.  J.  WYATT,  M.A.  Lond.,  Head  of  the  M.A.  List  in  English  and 

French,  Teachers'  Diploma,  &c. 
L.  J.  LHUISSIER,  B.A.  Lond.,  First  in  Honours  at  Inter,  and  Final, 

B.-es-Sc.,  B.-es-L.  Paris,  also  of  Stuttgart  and  Strasburg  Uni- 

versities. 
G.  H.   BRYAN,  M.A.,  Fifth  Wrangler,  First  Class,   First  Div.,  in 

Part  II.,   Smith's   Prizeman,   Fellow   of  St.    Peter's    College, 

Cambridge. 
J.  WELTON,   M.A.  Lond.,  First  of  his  year  in  Mental  and  Moral 

Science,  bracketed  First  of  the  B.  A.'s  at  Degree  Exam.  ;  First  in 

First  Class  Honours  in  Moral  Sciences  Tripos,  Cambridge. 

"  Full  of  useful  information  .....  The  answers  are  an  excellent  feature  of  the 
book.    They  are  thoroughly  well  done."  —  Hoard  Teacher. 
"  Pull  of  useful  hints."  —  School  Guardian. 

Model  Solutions   to    B.A.    Papers,    1888    (including   Special 
Subjects  for  the  Year),  by  Graduates  at  the  head  of  the  degree 
lists  in  each  department.     Second  and  cheaper  issue.     2s.  6d. 
"The  kind  of  hooka  student  should  have  by  his  side  during  his  last  weeks 
of  preparation.  .  .  .  Concise,  accurate,  and  complete."—  -Board  Teacher. 

"  It  is  the  first  time  we  have  seen  so  complete  a  set  of  answers  in  so  excellent 
and  readable  a  form."  —  Practical  Teacher. 

B.A.  Examination  Papers  (in  all  Subjects),  1S89.     6d. 

The  B.A.  Examination  Papers  for  1887  (ivith  Answers  to  the  Mathematical 
Questions  and  a  Scheme  for  reading  Mental  and  Moral  Science),  and 
for  1888  (with  a  Scheme  for  reading  Classic*),  may  still  be  had, 
price  Is.  each  set. 
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Gbe  {tutorial  Series— 16.H. 

B.A.  Latin  Examination  Papers  ;  being  the  QUESTIONS  set  at 
London  B. A.  1871 — 188S  (excluding  those  on  Prescribed  Authors), 
with  full  Solutions  to  1888,  and  Additional  Questions.  2s. 

London  B.A.  Unseens :  being  all  the  unprescribed  PASSAG-ES  set 
for  TRANSLATION  at  the  London  B.A.  Exam.,  together  with 
Schemes  for  reading  in  order  of  difficulty.  2s. 

The  Early  Principate  ;  A  History  of  Rome  from  B.C.  31  to  A.D. 
96! By  A.  H.'ALLCROFT,  B.A.  Oxon.,  and  J.  H.  HAYDON,  M.A. 
Camb.  and  Lond.  2s.  6d.  [In  the  press. 

Synopsis  of  Roman  History,  PART  I. :  to  A.D.  14.   Is.  6d. 

[In  preparation. 

Synopsis  of  Roman  History,  PART  II.  :  A.D.  14-96.  By  W.  F 
MASOM,  B.A.  Loud.,  and  A.  H.  ALLCROFT,  B.A.  Oxon.  Is. 

B.A.  Greek  Examination  Papers :  being  the  QUESTIONS  set  at 
the  London  B.A.  Examinations,  1871 — 1887  (excluding  those  on 
Prescribed  Authors),  with  Additional  Questions.  2s. 

Higher  Greek  Extracts  :  A  Graduated  Course  of  150  Unseen 
Passages  in  Three  Parts.  2s.  6d.  KEY  to  Part  II.,  2s.  6d. 

[I»  preparation. 

Notabilia  of  Anglo-Saxon  Grammar.    By  A.  J.  WYATT,  M.A. 

Lond.     Is.  6d. 

"Afford  the  student  just  the  assistance  he  is  likely  to  require." — Educa- 
tional Times. 

B.A.  French.  The  PAPERS  set  at  the  London  B.A.  Examinations 
1877—1888 ;  with  full  SOLUTIONS  to  1888,  and  Hints  on  Read- 
ing-Books, Grammar,  &c.,  by  A.  J.  WYATT,  M.A.  Lond.  2s. 

Advanced  Trench  Reader.  By  S.  BARLET,  B.-es-Sc.,  and  W.  F. 
MASOM,  B.A.  Lond.  3s.  6d. 

B.A.  Mathematics  :  Questions  and  Solutions.  Containing  all 
the  PASS  PAPERS  in  Pure  Mathematics  given  at  the  B.A.  Exa- 
minations down  to  1888,  with  complete  SOLUTIONS  ;  and  an 
article  on  Books  suitable  for  Private  Students.  3s.  6d. 

B.A.  Mixed  Mathematics:  being  the  PAPERS  set  at  London  B. A., 
1874 — 1888;  with  full  SOLUTIONS  to  1888,  200  Miscellaneous 
Examples,  and  Hints  on  Text-Books,  by  G.  H.  BRYAN,  M.A.  2s. 

A  Manual  of  Logic.     By  J.  WELTON,  M.A.  Lond.  [In  preparation. 

B.A.  Mental  and  Moral  Science.  The  PAPEKS  set  at  the  London 
B.A.  Examinations,  1874 — 1888 ;  with  SOLUTIONS  to  1888,  and 
an  article  on  Text  -  Books  suitable  for  Private  Students,  by 
J.  WELTOX,  M.A.  Lond.  2s. 
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{Tutorial  Seriee  —  B.H.,  189U 

B.A.   Latin  Notabilia   and  Test   Papers   for    1891,  on  the 

Prescribed  AUTHOKS  and  SPECIAL  PERIOD  of  History.     Is.  6d. 
Cicero. — Pe  Finibus,  Book  I.     Edited,  with  Explanatory  NOTES 

and   an   INTRODUCTION,  by  S.  MOSES,  M.A.  Oxon.,  B.A.  Lond., 

and  C.  S.  FEARENSIDE,  M.A.  Oxon.     3s.  6d. 

}jc£T 
Cicero. — De  Finibus,  Book  I.    A  TRANSLATION.     2s. 

Cicero. — De  Finibus,  Book  I.     TEXT,  NOTES,  TRANSLATION.,  5s. 
Terence. — Adelphi.    A  TRANSLATION.     By  A.  F.  BURNET,  MJL 

Lond.     2s. 
History  of  the  Reigns  of  Augustus  and  Tiberius,  with  an 

account  of  the  Literature  of  the  Period.     By  A.  H.  ALLCROFT, 

B.A.  Oxon.,  and  J.  H.  HAYDON,  M.A.  Camb.  and  Lond.     2s.  6d. 

Synopsis    of    Roman    History,    B.C.  31 — A.D.    37,   with    short 

Biographies  of  Eminent   Men.     By  W.  F.  MASOM,  B.A.  Lond., 
and  A.  H.  ALLCROFT,  B.A.  Oxon.     Is.  6d. 

B.A.  Greek  Test  Papers  for  1891,  on  the  Prescribed  AUTHORS 

and  SPECIAL  PERIOD,    with   NOTABILIA   on  the  IPHIGENIA  IN 
TAURIS,  and  a  List  of  the  more  difficult  Verbal  Forms.    Is.  6d. 

Euripides.  —  Iphigenia    in     Tauris.      A    TRANSLATION.       By 

G.  F.  H.  SYKES,  B.A.  Lond.,  Assistant-Examiner  in  Classics  at 
the  University  of  London.     2s.  6d. 

Plato.— Phaedo.     Edited  by  C.  S.  FEARENSIDE,  M.A.  Oxon.,  and 
R,  C.  B.  KERIN,  B.A.  Lond.     4s.  6d.  [Shortly. 

Plato.' — Phaedo.     A  TRANSLATION.     3s.  6d. 
History  of  Sicily,  B.C.  490—289,  from  the  Tyranny  of  Gelon  to 

the  Death  of  Agathocles,  with  a  History  of  Literature.      By 
A.H.  ALLCROFT,  B.A.,  and  W.  F.  MASOM,  B.A.  Lond.     3s.  6d. 

Synopsis     of    Sicilian     History,     B.C.    491 — 289.      By  A.    H. 

ALLCROFT,  B.A.,  and  W.  F.  MASOM,  B.A.  Lond.     Is. 
A  Glossary  to   Aelfric's   Homilies.      By  A.  J.  WYATT,   M.A'. 

Lond.,  and  H.  H.  JOHNSON,  B.A.  Lond.    2s.  6d. 

B.A.  English,   1891.     Questions   on    all  the  Pass  Subjects   set 

,.      .  .„,.,       - 
for  1891.     2s. 
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tutorial  Series— B,a,  1892, 


(Ready  early  in  1891.) 

Tacitus.— Annals,  Book  II.  Edited,  with  INTRODUCTION  and 
NOTES,  by  \V.  F.  MASOM,  B.A.  Loud.,  and  C.  S.  FEAREXSIDE, 
M.A.  Oxon.  3s.  6d. 

Tacitus.  Annals,  Books  I.,  II.  A  TRANSLATION,  with  TEST 
PAPERS  on  Book  II.  By  W.  F.  MASOM,  B.A.  Lond.,  and 
J.  THOMPSON,  B.A.  Camb.  2s.  6d. 

Juvenal. — Satires  VIII.,  X.,  XIII.  Edited,  with  INTRODUC- 
TION and  NOTES,  by  A.  H.  ALLCROFT,  B.A.  Oxon.  3s.  6d. 

Juvenal.— Satires  VIII.  and  X.  XIII.  A  TRANSLATION,  with 
TKST  PAPERS.  By  A.  H.  ALLCROFT,  B.A.  Oxon.  2s. 

Synopsis  of  Roman  History,  B.C.  133  to  78,  with  TEST 
PAPERS,  and  short  Biographies  of  Eminent  Men.  By  \Y.  F. 
MASOM,  B.A.  Lond.,  and  A.  H.  ALLCROFT,  B.A.  Oxon.  Is.  6d. 

Homer.  Odyssey,  Books  IX.  to  XIV.  Edited,  with  INTRO- 
DUCTION, NOTES,  and  a  List  of  the  harder  Verbal  Forms,  by 
J.  H.  HAYDON,  M.A.  Lond.  and  Camb.,  and  B.  J.  HAYES.  M.A. 
Lond.  Books  IX.,  X.,  2s.  6d.  Books  XI.,  XII.,  2s.  6d. 
Books  XIII. ,  XIV.,  2s.  6d. 

Homer. — Odyssey,  Books  IX.  to  XIV.  A  TRANSLATION,  with 
TEST  PAPERS.  By  J.  H.  HAYDON,  M.A.  Lond.  and  Camb..  and 
B.  J.  HAYES,  M.A."  Lond.  3s.  6d. 

Thucydides.  -  Book  VII.  Edited,  with  IXTEODUCTIOX,  NOTES, 
and  a  List  of  the  harder  Verbal  Forms,  by  W.  F.  MASOM,  B.A. 
Lond.,  and  A.  H.  ALLCROFT,  B.A.  Oxon.  4s.  6d. 

Thucydides. — Book  VII.  A  TRANSLATION,  with  TEST  PAPERS. 
By  W.  F.  MASOM,  B.A.  Lond.,  and  A.  H.  ALLCROFT,  B.A.  Oxon. 
2s.  6d. 

Early  Grecian  History.  A  Sketch  of  the  Historic  Period,  and  its 
Literature,  to  495  B.C.  By  A.  H.  ALLCROFT,  B.A.  Oxon.,  and 
W.  F.  MASOM,  B.A.  Lond.  "  3s.  6d. 

Synopsis  of  Grecian  History,  to  B.C.  495,  with  TEST 
PAPERS.  By  A.  H.  ALLCROFT,  B.A.  Oxon.,  and  W.  F.  MASOM, 
B.A.  Lond.  Is.  6d. 

B.A.    English,    1892.      Questions  on  all  the  Pass   Subjects  set 

for  1892.     2s. 
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Inter.  Science  and  Prel.  Sci.  Directory.  (Publisted  during  the 
week  following  each  July  Examination.)  No.  ]..  Jnlv.  ls;in 

2s.  6d. 

.no  .aS 

CONTENTS  :  Introductory  Hints — Advice  on  the  Choice  of  Text- 
Booka — The  University  Regulations — The  Examination  Papers 
set  July,  1890—  Full  Solutions  to  all  the  above  Examination 
Papers  by  the  following  Tutors  of  University  Correspondence 
College  :— 

S.  RIDEAL,  D.Sc.  Lond.  (Chemistry),  Gold  Medallist. 
R.  W.  STEWART,    B.Sc.    Lond.,    First   in   First    Class    Honours   in 

Chemistry  at  Inter.  Science,  and  First  in  First  Class   Honours 

in  Physics  at  B.Sc. 

H.  G.  WELLS,  F.Z.S.,  Second  in  Honours  in  Zoology  at  Int.  Sc.  Lond. 
G.  H.  BRYAX,  M.A.,  Fifth  Wrangler  and  Smith's  Prizeman,  Fellow 

of  St.  Peter's  College,  Cambridge. 
C.  W.  C.  BARLOW,  M.A.,  Sixth  Wrangler,  First  Class,  First  Division 

in   Part  II.   Math.  Tripos,  late  Scholar  of  St.  Peter's  College, 

Cambridge,  Mathematical  Honourman  of  London  University. 

AND 

H.  E.  SCHMITZ,  B.Sc.  Lond.,  B.A.  Camb.,  Neil  Arnott  Exhibitioner, 
University  Scholar  in  Physics,  Wrangler  in  Math.  Tripos. 

A.  H.  TROW,  B.Sc.  Lond.,  First  in  First  Class  Honours  in  Botany  at 
Int.  Sc. 

Science  Model  Answers  :  being  the  INTERMEDIATE  SCIENCE  and 
PRELIMINARY  SCIENTIFIC  Examination  Papers  set  July,  1889, 
with  full  SOLUTIONS.  Second  and  cheaper  issue.  2s.  6d.  The 
Papers  are  ansicered  by —  asfjiBvoirrfT 

S.  RIDEAL,  D.Sc.,  Lond.,  Gold  Medallist  in  Chemistry  at  B.Sc., 
Assistant  Examiner  to  the  Science  and  Art  Department. 

H^  M.  FERNANDO,  M.D.  Lond.,  B.Sc.  Lond.,  First  Class  Honours 
in  six  subjects  and  four  Gold  Medals. 

R.  W.  STEWART,  B.Sc.  Lond.,  First  in  First  Class  Honours  in 
Chemistry  at  Inter.  Sc.,  and  First  in  First  Class  Honours  in 
Physics  at  B.Sc. 

W.  H.  THOMAS,  B.Sc.  Lond.,  First  in  First  Class  Honours  in  Chemistry. 

G.  H.  BRYAN,  M.A.,  Fifth  Wrangler  and  Smith's  Prizeman,  Fellow 
of  St.  Peter's  College,  Cambridge. 

J.  H.  DIBB,  B.Sc.  Lond.,  Double  Honours,  Mathematics  and  Physics. 
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Cutortal  Series— 3nter.  Sc.  anb  prcl.  Sci. 

Text-Book  of  Heat,  covering  the  entire  Int.  Sc.  and  Prel.  Sci. 
Syllabus,  with  numerous  Diagrams  and  Calculations.  By  R. 
W.  STEWART,  B.Sc.  Lond.  3s.  6d. 

Text-Book  of  Light  (uniform  with  the  Text-Book  of  Heat). 
By  E.  W.  STEWART,  B.Sc.  Lond.  3s.  6d. 

Elementary  Text-Book  of  Magnetism  and  Electricity,  with 
numerous  Diagrams.  By  R.  \V.  STEWART,  B.St-  Loud.  3s.  Get 

[Ready  Feb.  1891. 

Appendix  to  Elementary  Magnetism  and  Electricity,  con- 
taining the  additional  matter  required  for  Int.  Sc.  and  Prel. 
Sci.  Is.  [Ready  Feb.  1891. 

Examples  in  Magnetism  and  Electricity.  By  R.  W.  STEWART, 
B.Sc.  Lond.  Is.  6d.  [In  preparation. 

Analysis  of  a  Simple  Salt,  with  a  selection  of  model  Analyses. 
By  W.  BKIGGS,  F.C.S.,  and  R,  W.  STEWAKT,  B.Sc.  Loud.  2s. 

Intermediate  Mathematics.     By  the  PBINCIPAL  of  University- 
Correspondence  College.     Fifth  Thousand.     2s.  6d. 
CONTENTS:  Advice  on  Text-Books— Scheme  of  Study  for  80  weeks— 15  Test 
Papers— 100  Miscellaneous  Questions — Directions  for  Revision— Answers  to  Test 
Papers— Examination  Papers,  with  Model  Answers  to  1890. 

Synopsis  of  Elementary  Trigonometry.     Is.       [In  the  press. 

Coordinate  Geometry.     By  W.  BRIGGS  and  G.  H.  BRYAN.    Parti. 

2s.  [In  the  press. 

Worked  Examples  in.  Coordinate  Geometry :  A  Graduated 

Course  on  the  Line  and  Circle.  Is.  6d.  [In  tin.'  ;</vs>. 

Science  Chemistry  Papers ;  being  the  Questions  set  at  the 

London  Intermediate  Science  and  Preliminary  Scientific  Exami- 
nations for  Twenty-one  years,  with  full  Answers  to  the  1889 
Papers,  imd  Advice  as  to  Text-books,  by  W.  H.  THOMAS,  B.Sc. 
Lond.,  and  R.  W.  STEWART,  B.Sc.  Lond.  2s.  6d. 

Science  Physics  Papers  (uniform  with  the  above).     2s.  6d. 

Science  Biology  Papers;  being  the  Questions  set  at  the  London 
Inter.  Sc.  and  Prelim.  Sci.  Exams,  for  Twelve  Years  (those  not 
bearing  on  the  present  Syllabus  being  denoted  by  an  asterisk), 
with  supplementary  Questions  and  full  Answers  to  the  1889 
Paper,  by  H.  M.  FEBXANDO,  M.D.,  B.Sc.  Lond.  2s.  6d. 
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LATIN. 
B.A.  Latin  Papers,  1871-1888  (seep.  15).    2s. 

Caesar — Gallic  "War,  Book  V.  By  ALLCROFT  and  MASOM.  In 
three  parts  (see  p.  9),  or  in  one  vol.,  2s.  fid. 

Caesar— Gallic  War,  Book  VI.  By  ALLCROFT  and  MASOM.  In 
three  parts  (see  p.  9),  or  in  one  vol.,  2s.  6d. 

Caesar— Gallic  War,  Book  VII.  Vocabularies  (in  order  of  the 
Text),  with  Test  Papers.  6d. ;  interleaved,  9d. 

Cicero — De  Amicitia.  By  S.  MOSES,  M.A.  Oxon.,  B.A.  Lond.,  and 
G.  F.  H.  SYKES,  B.A.  Lond.  Introduction,  Text,  and  Notes, 
Is.  6d.  Translation,  Is.  Vocabulary  (in  order  of  the  Text), 
with  Test  Papers,  interleaved,  Is.  In  one  vol.,  2s.  6d. 

Cicero— Pro  Balbo.  By  S.  MOSES,  M.A.  Oxon.,  B.A.  Lond.,  and 
G.  F.  H.  SYKES,  B.A.  Lond.  Introduction,  Text,  and  Notes, 
Is.  6d.  Translation,  Is.  Vocabulary  (in  order  of  the  Text), 
with  Test  Papers,  interleaved,  Is.  In  one  vol.,  2s.  6d. 

Cicero — Pro  Cluentio.     A  Translation.      By  J.  LOCKEY,  M.A.     2s. 

Cicero— Pro  Cluentio.  Vocabularies  (in  order  of  the  Text),  with 
Test  Papers.  Interleaved,  Is. 

Cicero — De  Finibus,  Book  I.  By  MOSES  and  FEARENSIDE  (see 
p.  16).  3s.  6d.  Translation  (see  p.  16),  2s.  In  one  vol.,  5s. 

Cicero— De  Oratore,  Book  II.  A  Translation.  By  a  London  Graduate 
in  First  Class  Honours.  3s. 

Horace — The  Epistles.     A  Translation.      By  W.  F.   MASOM,  B.A. 

Lond.     2s. 
Horace — The  Epistles.     Vocabularies  (in  order  of  the  Text),  with 

Test  Papers,  interleaved.     Is. 

Horace — Odes  I.     By  ALLCROFT  and   HAYES.     In  three  parts   (see 

p.  8),  or  in  one  vol.,  2s.  6d. 
Horace — Odes  II.     By  ALLCROFT  and  HAYES.     In  three  parts  (gee 

p.  8),  or  in  one  vol.,  2s.  6d. 
Horace — Satires.     By  ALLCROFT  and  HAYES.     In  three  parts  (see 

p.  13),  or  in  one  vol.,  5s.  6d. 

Intermediate  Latin.    By  MASOM  and  HAYES  (see  p.  11).    2s.  6d. 
Juvenal — Satires  III.,  X.,  XI.    A  Translation.   By  a  Gold  Medallist 

in  Classics  at  London  M.A.     2s. 
Juvenal— Satires', VIII.,  X.,  XIII.    By  ALLCROFT  (see  p.17).  3s.  6d. 

Juvenal— Satires  VIII.  and  X. — XIII.    A  Translation.    By  ALL- 
CROFT  (see  p.  17).     2s. 
Latin"  Accidence.     By  HAYDON  and  HAYES  (fee  p.  6).     2s.  6d. 
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LATIN — cont  i  nued. 

Latin  Grammar.  By  ALLCROFT,  HAYDOX,  and  HATES  (see  p.  6). 
3s.  6d. 

Latin  Honours  Papers,  1874-1888  (see  p.  11).    3s.  6d. 

Latin  Syntax  and  Composition.  By  ALLCROFT  and  HAYES  (see 
p.  6).  Is.  6d.  Exercises,  Is.  Key,  2s.  6d. 

Livy — Book  I.  By  ALLCROFT  and  MASOM.  In  three  parts  (see 
p.  8),  or  in  one  vol.,  3s.  6d. 

Livy— Book  XXI.  By  A.  H.  ALLCROFT,  B.A.  Oxon.,  and  W.  F. 
MASOM,  B.A.  Lond.  Introduction,  Text,  and  Notes,  2s.  6d. 
Translation,  2s.  Vocabulary  (in  order  of  the  Text),  with 
Test  Papers,  interleaved,  Is.  In  one  vol.,  4s.  6d. 

London  B.A.  Unseens  (see  p.  15).    2s. 
London  Latin  Reader  (see  p.  6).     Is.  6d.     Key,  2s.  6d. 
London  Undergraduate  Unseens  (see  p.  6).     Is.  6d. 
Matriculation  Latin.     By  HAYES  (see  p.  6).     Is.  6d. 

Ovid — Metamorphoses,  Book  XI.  By  the  Editor  of  Ovid's  Tristia 
III.  Introduction,  Text,  and  Notes,  Is.  6d.  Translation,  Is. 
Vocabulary  (in  order  of  the  Text),  with  Test  Papers,  6d. ; 
interleaved,  9d.  In  one  vol.,  2s.  6d. 

Ovid — Tristia,  Book  III.  By  a  First  Class  Honours  Graduate  of 
Oxford  and  London.  Introduction,  Text,  and  Notes,  Is.  6d. 
Translation,  Is.  Vocabulary  (in  order  of  the  Text),  with  Test 
Papers,  6d. ;  interleaved,  9d.  In  one  vol.,  2s.  6d. 

Sallust — Catiline.  Vocabularies  (in  order  of  the  Text),  with  Test 
Papers.  6d. ;  interleaved,  9d. 

Tacitus — Annals  I.  By  MASOM  and  FEAREXSIDE.  In  three  parts 
(see  p.  12),  or  in  one  vol.,  4s.  6d. 

Tacitus  —  Annals   II.     By   MASOM   and  FEAREXSIDE   (see   p.  17). 

3s.  6d. 
Tacitus — Annals  I.  and  II.    A  Translation.    By  MASOM  and  THOMP- 

sox  (see  p.  17).     2s.  6d. 

Terence — Adelphi.     A  Translation.     By  BURXET  (see  p.  16).     2s. 

Unseens,  London  B.A.  (see  p.  15).    2s. 

Unseens,  London  Undergraduate  (see  p.  6)/    Is.  6d. 

Vergil — .ffineid,  Book  I.     Vocabularies  (in  order  of  the  Text),  with 

Test  Papers.     6d. ;  interleaved,  9d. 
Vergil — ^Eneid,  Book  I.     A  Literal  Translation.     Is. 
Vergil— -2Sneid,  Book  II.     A  Close  Translation.     Is. 
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LATIN — co  nt  i  ntied . 

Vergil— JEneid,  Book  IV.     A  Close  Translation.     Is. 
Vergil — ^Eneid,  Book  V.    Vocabularies  (in  order  of  the  Text),  with 

Test  Papeis.     6d.  ;  interleaved,  9d. 

Vergil   -^aiJneid,  Book  V.     A  Literal  Translation.     Js..  fi 
Vergil— uEneid,  Book  VI.      By  ALLCROFT  and  HAYES.    In  three 

parts  (see  p.  9),  or  in  one  vol.,  2s.  6d. 
Vergil— ,33neid,  Book  VII.     By  ALLCROFT  and  HAYES.     In  three 

parts  (see  p.  9),  or  in  one  vol.,  2s.  6d. 
Vergil— .3s)neid,  Books  VII.-X.     A  Translation.    By  A.  A.  IEWIN 

XESBITT,  M.A.     2s. 
Vergil — ,22neid,  Book   IX.     By  ALLCROFT  and  MASOM  (see.  p.  12). 

Is.  6d. 
Vergil— ^neid,  Book  X.     By  ALLCROFT  and  HAYES   (see  p.  12). 

Is.  6d. 
Vergil— ^neid,  Books  IX.  and  X.     A  Vocabulary,  with  Test  Papers 

(see  p.  12).     Is. 
Vergil.— JEneid,  Books  IX.  and  X.     A  Translation.     By  NESBITT 

(see  p.  12).     Is.  6d. 
Vergil — G-eorgics  I.  and  II.     Vocabulary  (in  order  of  the  Text), 

with  Test  papers,  interleaved.     Is. 
Vergil— Georgics  I.  and  II.     A  Translation.     By  F.  P.  SKIPHAM, 

M.A.  Lond.     Is.  6d. 

ROMAN    HISTORY. 

Augustus,  History  of  the  Eeign  of.      By  ALLCROFT  and  HAYDON 

(seep.  11).     Is. 
Augustus  and  Tiberius,  History  of  the  Eeigns  of.    By  ALLCROFT 

and  HAYDOX  (see  p.  16).     2s.  6d. 
Early   Principate,   The — B.C.  31  to  A.D.  96.      By  ALLCROFT  and 

HAYDOX  (see  p.  15).     2s.  6d. 
Roman  History,  A  Synopsis  of,  Part  I. — To  A.D.  14  (see  p.  15). 

Is.  6d. 
Roman    History,    A    Synopsis   of,    Part  II. — A.D.    14-96.      By 

MASOM  and  ALLCROFT  (see  p.  15).     Is. 
Roman  History,    A    Synopsis   of— B.C.  133-78.     By  MASOM  and 

ALLCROFT  (see  p.  17).     Is.  6d. 
Roman    History,   A   Synopsis   of  —  B.C.  63  -  A.D.  14,  with  short 

Biographies   of  the  chief  Writers  of   the    Period.      By    W.    F." 

MASOM,  B.A.  Lond.     Is. 
Roman  History,  A  Synopsis  of — B.C.  31-JuD.i  3^t    By  MASOM  and 

ALLCROFT  (see  p.  16).     Is. 
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GREEK. 

^Eschylus — Agamemnon.     A  Translation.    By  a  Gold  Medallist  in 

Classics  at  London  M.A.     2s. 
Aristophanes — Plutus.     By  M.  T.  QUINN,  M.A.  Lond.     Expurgated 

Text,    Introduction,   and    Notes,  3s.   6d.       A   Translation,   2s. 

In  one  vol.,  5s. 

B.A.  Greek  Papers,  1871-1887  (see  p.  15).     2s. 
Demosthenes — Androtion.     A  Translation.    By  a  London  Graduate 

in  First  Class  Honours.     2s. 
Euripides — Ion.     By  THOMPSON-  and  BURXET.     In  tbree  parts  (see 

p.  13),  or  in.  one  vol.,  4s.  6d. 
Euripides— Iphigenia  in  Tauris.     A  Translation.     BySYKEs  (see 

^•16)'     2s'6cL  -:A     norfqoneX 

Herodotus — Book  VI.  By  MASOM  and  FEARENSIDE.  In  three  parts 
(see  p.  12),  or  in  one  vol.,  5s.  6d. 

Higher  Greek  Extracts  (see  p.  15) .    2s.  6d.    Key  to  Part  II.,  2s.  6d. 

Homer ^Iliad,  Book  VI.  ByB.  J.  HAYES,  M.A.  Lond.  Introduction, 
Text,  ami  Notes,  with  Appendix  on  the  Homeric  Dialect,  Is.  fid. 
Translation,  Is.  Vocabulary  (in  order  of  the  Text),  with  Test 
Papers,  interleaved,  Is.  In  one  vol.,  2s.  6d. 

Homer— Odyssey,  Book  IV.    A  Translation.    By  BURXET  (seep.  9). 

Is.  6d. 
Homer  -Odyssey,  Books  IX.-XIV.     By  HAYDON  and  HAYES  (see 

p.  17).     In  three -rxd&.,  each  2s.  6d.iQg[ji{) 

Homer — Odyssey,  Books  IX.-XIV.  A  Translation.  By  HAYDON 
and  HAYES  (see  p.  17).  2s.  6d. 

Homer  —  Odyssey,  XVII.  By  W.  F.  MASOM,  B.A.  Lond. 
Introduction.  Text,  and  Notes,  2s.  Translation,  2$.  Vocabu- 
lary (in  order  of  Text),  with  Test  Papers,  interleaved,  Is.  Or  in 
one  vol.,  5s. 

Intermediate  Greek.     By  HAYES  and  MASOM  (see  p.  11).     2s,  6d. 
London  Undergraduate  Unseens  (see  p.  6).     Is.  6d. 

London  B.A.  Uneeens  (see  p.  15),    2s. 

,,  t  .     ,  ^.      ,-.      ,  ^  ..„..,  «   ~~      'tyS  A  .vioJsiH    a&'naiQ 

Matriculation  Greek  Papers,  1875-1890  (see  p.  7).    Is.  and  Is.  6d. 

Plato — Phsedo.     By  KERIX  and  FEAREXSIDE  (see  p.  16).     4s.  6d. 
Plato— Phaedo.     A  Translation  (see  p.  16).     3s.  b'd. 

Sophocles  —  Antigone.  By  A.  H.  ALLCROFT,  B.A.  Oxon., 
and  B.  J.  HAYES,  M.A.  Lond.  Introduction,  Text,  and  Notes, 
2s.  6d.  Translation,  2s.  Vocabulary  (in  order  of  Text),  with 
Test  Papers,  interleaved,  Is.  In  one  vol.,  4s.  6d. 
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Sophocles — Electra.     A   Translation.      By  a  London   Graduate  in 
First  Class  Honours.     2s. 

Thucydides     Book  IV.     A  Translation.     By  G.  F.  H.  SYKES,  B.A. 
Loud.,  Assistant  Examiner  in  Classics  at  Lond.  Univ.     2s.  6d. 

Thucydides —Book  VII.      By    MASOM  and   ALICROFT   (8ee  p.   17). 
4s.  6d.     Translation  (see  p.  17),  2s.  6d. 

Unseens,  London  B.A.  (see  p.  15).    2s. 

.1  .1   .-4k   ..fov   9110   111  'to   ,(,81    .q 

Unseens,  London  Undergraduate  (seep.  6).     Is.  6d. 

Xenophon — Anabasis,  Book  IV.     A  Translation.     By  BCJRNET  (see 
p.  9).    Is.  6d. 

Xenophon — Cyropsedia,  Book  I.      Vocabularies  (in  order  of  the 
Text),  with  Test  Papers,  9d.  :  interleaved,  Is. 

Xenophon— Cyropsedia,   Book  V.     Vocabularies   (in  order  of  the 

Text),  with  Test  Papers,  interleaved,  Is. 

Xenophon— (Economicus.     A  Translation.     By  B.  J.  HAYES,  M.A. 

Lond.     3s. 

.53 


o'*i  >Hvli '  F.ifB  y.o.ivy.ll    vJI     .VIX  .XI 

GRECIAN   HISTORY. 

Early  Grecian  History,  to  B.C.  495.  By  ALLCROFT  and  MASOM 
(seep.  17).  3s.  6d. 

Grecian  History,  A  Synopsis  of,  to  B.C.  495.  ALLCROFT  and  MASOM 
(see  p.  17).  Is.  6d. 

Grecian  History,  A  Synopsis  of— B.C.  405-358,  with  short  Bio- 
graphies of  the  chief  Writers  and  Statesmen.  By  W.  F.  MASOM, 
B.A.  Lond.,  and  A.  H.  ALLCROFT,  B.A.  Oxotr.  '!#. 


Grecian  History,  A  Synopsis  of— B.C.  382-338,  with  short  Bio- 
graphies of  the  chief  Writers  and  Statesmen.  By  W.  F.  MASOM, 
B.A.  Lond.  Is. 


Sicily,  History  of— B.C.  490-289.      By  ALLCROFT  and  MASOM  (see 

p.  16).     3s.  6d. 

,-.T  -noi.ivai-bo-iJnl     .i'M«\l   ./..I/.  ,*Af/\]  .' 
Sicilian  History,  Synopsis  of— B.C.  490-289.    By  ALLCROFT  and 

MASOM  (see  p.  16).     Is. 
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CLASSICAL  QUESTIONS,  &c. 

Test  Papers  and  Notabilia  on  Cicero  De  Finibus,  Terence 
Adelphi,  Roman  History  B.C.  31  to  A.I>.  37. 

Test  Papers  and  Nptabilia  on  Euripides  Iphigenia,  Plato  Phaedo, 
and  Sicilian  History  B.C.  490-289.  Is.  (5d. 

Test  Papers  on  Classics.  First  Series.  Cicero  Pro  Sestio  ;  Juvenal ; 
JEschylus,  Agamemnon  ;  Xenophon,  CEconomicus  ;  Roman  His- 
tory B.C.  63-A.n.  14  ;  Grecian  History  B.C.  382-338.  2s. 

Test  Papers  on  Classics.  Second  Series.  Cicero  De  Oratore ; 
Vergil  yEneid  V1I.-IX. ;  Aristophanes  Plutus,  Thucyclides  IV.  ; 
Roman  History,  A.n.  14-96 ;  Grecian  History,  B.C.  405-358.  2s. 

ENGLISH. 

Addison    Essays  on  Milton,  Notes  on.     By  W.  H.  Low,  M.A.    2s. 

Aelfric's  Homilies,  Glossary  to.  By  WYATT  and  JOHNSON  (see  p.  16). 
2s.  6d. 

Alfred's  Orosius.  A  Literal  Translation  of  the  more  difficult 
passages.  2s.  6d. 

Alfred's  Orosius,  Glossaries  to.    Is. 

Anglo-Saxon  Grammar,  Notabilia  of.  By  WYATT  (see  p.  15). 
Is.  6d. 

Agenbite  of  Inwit.  A  Translation  of  the  more  difficult  passages 
(including  the  whole  of  pp.  1-48).  By  A.  J.WYATT,  M.A.  Lond.  3s. 

Dryden— Essay  on  Dramatic  Poesy.  Edited  by  W.  H.  Low, 
M.A.  Lond.  In  two  vols.,  each  2s. ;  or  in  one  vol.,  3s.  6d. 

English  Literature,  1485-1580,  History  of.  By  Low  (see  p.  12). 
3s.  6cl. 

English  Literature,  1660-1714,  History  of.  By  W.  H.  Low, 
M.A.  Lond.  3s.  6d. 

English  Literature,  1760-1798,  History  of.  By  Low  (see  p.  13). 
3s.  6d. 

Havelok  the  Dane.  A  Close  Translation  into  Modern  English, 
preceded  by  the  Additional  Notes  and  Corrections  issued  in 
Prof.  Skeat's  New  Edition.  By  A.  J.  WYATT,  M.A.  Lond.  3s. 

History  of  England,  1485-1580.  By  PEAHEN-SIDE  (see  p.  12). 
3s.  6d. 

History,  Synopsis  of  English,  1485  1580  (see  p.  12).     Is.  6d. 

H 
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ENGLISH—  continued. 

ajjtWiT    /iuUniT    <*Q    QiaaD    IK>   silidsJoft    Jnus    aisq^l    . 
History  of  England,  1660  1714.     By  C.  S.  FEABENSIDE,  M.A.  Oxon., 

and  W.  H.  Low,  M.A.  Load.     2s.  6d. 

.ob^rfT  otnll  .firfHp  no  BilicfsJo'H  ins  aiequl 

History,  Synopsis  of  English,  1660-1714.    2s. 

History    of    England,     1760-1798.      By    FEABBtfsife  ukd^Lttf 
(see  p.  13).     3s.  6d. 

History,  Synopsis  of  English,  1760-1798  (see  p.  13}.  ...l&J^d.  .? 


Matriculation  English  History  Papers,  1874-1889  (see  p.  7). 
la.  and  Is.  6d. 

Matriculation  English  Language  Papers,  1879-1889  (see  p.  7). 
Is.  and  Is.  6d. 

Milton  —  Sonnets.  With  an  Introduction  to  each  Sonnet,  and  Notes, 
together  with  ah  account  of  the  History  and  Construction  of  the 
Sonnet,  and  Examination  Questions.  B  y  W.  F.  "JfASOM,  B.A. 
Lond.  Is.  6d. 

Questions  on  English  History  and  Literature.  FIRST  [SERIES 
(300)  :  History  of  England,  1625  to  1666  (97)  ;  English  Litera- 
ture, 1625  to  1666  (57)  ;  Shakespeare's  "  King  John  "  (31)  ; 
Milton's  "  Cpmus  "  and  Sqnnets  (47)  ;  Browne's  "  Keligio 
Mediji"  (24);  Morris  and'  Skeat's  Extracts;  ^Pa 
(44).  2s. 

Questions  on  English  Literature.  SECOND  SERIES  (363)  :  English 
Literature,  1558  to  1603  (74)  ;  Havelok  the  Dane  (49)  ;  Shake- 
speare's "  Julius  Caesar  "  (49)  ;  Spenserjs  "  Shepherd'sCalender" 
(32)  ;  Sweet's  Anglo-Saxon  Primer  (159).  2s. 

Questions  on  English  History  and  Literature.  THIRD  SERIES 
(587)  :  History  of  England,  1660  to  1714  (101)  ;  History  of 
English  Literature,  1660-1714  (60)  ;  Milton's  "  Paradise  Lost," 
Books  III.  and  IV.  (40)  ;  Addison's  "  Essays  on  Milton  "  (22)  ; 
Dryden's  "  Essay  on  Dramatic  Poesy  "  (20)  ;  Chaucer's  "  Pro- 
logue," "  Knight's  Tale,"  "  Second  Nun's  Tale  "  (90)  ;  Milton's 
"  Comus  (16)  ;  Pope's  "  Essay  on  Criticism  "  (16)  ;  Havelok  the 
Dane  (49)  ;  Sweet's  Anglo-Saxon  Primer  (175).  2s. 

Questions  on  English  Literature.  FOURTH  SERIES  (403)  :  History 
of  English  Literature,  1625  to  1660  (83)  ;  Shakespeare's  "Ham- 
let "  (23)  ;  Spenser's  "  The  Faery  Queene,"  Books  I.  and  II. 
(36):  Dan  Michel's  "Agenbite  of  Inwit  "  (55);  Anglo-Saxon 
Chronicles  (31)  ;  Sweet's  Anglo-Saxon  Primer  (175).  2s. 
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Saxon  Chronicle,  The    from  800  to  1001  A.D.     A  Translation.     By 
W.  H.  Low,  M.A.  Lond.     3s. 

Shakespeare —Henry  VIII.     By  Low  (see  p.  12).     2s. 
Sheridan -The  Critic.     Edited  by  Low  (see  p.  13).     Is. 
Sheridan— The  Rivals.     Edited  by  Low  (see  p.  13).     Is. 

Spenser— Shepherd's  Calender,  Notes  on.    By  "WYArr(seep.  12).  2s. 

' 

FRENCH. 

Advanced  French  Reader.   By  BARLEiand  MASOM  (seep.  15).  3s.  6d. 
B.A.  French  Papers,  1877  1888  (see  p.  15).     2s. 
French  Prose  Reader.     By  BARLET  aud  MASOM  (see  p.  6).     Is.  6d. 
Intermediate  French  Papers,  1877-1888  (see  p.  11).    2s. 
Matriculation  French  Papers,  1879-1888  (see  p.  7).    Is.  and  Is.  6d. 

MATHEMATICS. 

B.A.  Mathematics:   Questions  and  Solutions  (see  p.  15).    3s.  6d. 
B.A.  Mixed  Mathematics  Papers  (see  p.  15).    2s. 

n          j-  n  r,       ^  ,    ^ 

Coordinate  Geometry.     By  BRICKS  and  BRYAN  (see  p.  11).    2s. 
Coordinate  Geometry,  "Worked  Examples  in  (see  p  11).    Is.  6d. 
Intermediate  Mathematics  (see  p.  19).    2s.  6d. 
Matriculation  Mathematics  (see  p.  6).     Is.  6d. 
Matriculation  Mechanics  Papers  (see  p.  7).     Is.  and  Is.  6d. 
Mechanics  and  Hydrostatics,  Worked  Examples  (see  p.  7).    Is.  6d. 
Synopsis  of  Elementary  Trigonometry  (see  p.  11).    Is. 

SCIENCE. 

Analysis  of  a  Simple  Salt,  Examples  in  (see  p.  19).    2s. 

B.A.  Mental  and  Moral  Science  Papers,  1874-1888  (see  p.  15).    2s. 

Biology  Papers,  1877-1889  (see  p.  19).    2s.  6d. 

Chemistry  Papers,  1869-1889  (see  p.  6).    2s.  6d. 

Chemistry,  Text-Book  of  (see  p.  19). 

Heat,  Text-Book  of.     By  STEWART  (see  p.  19).     3s.  6d. 
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SCIENCE—  continued. 

Heat  and  Light,  Elementary  Text-Book  of.     By  STEWART  (see 
p.  6).     3s.  6d. 

Heat  and  Light  Problems.     By  STEWART  (see  p.  6).     Is.  6d. 
Light,  Text-Book  of.     By  STEWART  (see  p.  19).     3s.  6d. 
Logic,  Manual  of.     By  WELTON  (see  p.  15).     2  vols. 
Magnetism  an,d  Electricity,  Examples  in  (see  p.  19).    Is.  6d. 

Magnetism  and  Electricity,  Text-Book  of.    By  STEWART  (see  p.  6). 
3s.  6d.     Appendix,  Is. 

Matriculation  Chemistry  (see  p.  7).     Is.  6d. 

Physics  Papers,  1869-1889  (see  p.  19).    2s.  6d. 

ry  .A. 3 

DIRECTORIES,  Sec. 

B.A.  Directory,  No.  1,  1889  (see  14).    2s. 
B.A.  Examination  Papers,  1887,  1888,  1889  (see  p.  14). 
B.A.  Papers,  1888,  Model  Solutions  to  (see  p.  14).    2s.  6d. 
Intermediate  Arts  Directory,  No.  III.,  1890  (see  p.  10).    Is.  6d. 
Intermediate  Arts  Directory,  No.  II.  (see  p.  10).    2s.  6d. 

Intermediate  Arts  Examination  Papers,  1886, 1887, 1888, 1889  (see 
p.  10). 

Inter.    Science    and    Prelim.    Sci.   Directory,   No.  I.,  1890  (see 
p.  18).     2s.  6d. 

Matriculation  Directory,  No.  VIII.,  June,  1890  (see  p.  5).    Is. 
Matriculation  Directory,  Nos.  I.,  III.,  IV.,  VI.,  VII.  (see  p.  5). 

Matriculation  Exam.  Papers,  June,  1889,  Jan.  and  June,  1890  (see 
p.  5).     Each  3d. 

Matriculation  Exam.  Papers,  Six  Sets  of  (see  p.  5).     Is. 

Eoyal  University  of  Ireland,  Guide  to  Matriculation  at  the,  No.  I., 
1889-90.     With  Answers  to  the  Papers  set  July,  1889.     Is. 

Science  Model  Answers  (see  p.  18).    2s.  6d. 
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ADVERTISEMENTS. 


TUTORS    OP 
UNIVERSITY  CORRESPONDENCE  COLLEGE. 


aviitU  Ho  ftjtfa  tBin'asi—  —  K>*  - 

The  following-  Tutors  are  on  the  regular  staff  of  University 
Correspondence  College,  and  engage  in  no  other  teaching  :— 
0.  W.  C.  BARLOW,  M.A.,  Sixth  Wrangler,  First  Class,  First  Div., 
in    Fart  II.  Math.  Tripos,  late  Scholar  of  St.   Peter's  College, 
Cambridge,    Mathematical   Honourman  of  London   University  ; 
Author  of  A  Text-Book  of  Astronomy  . 

B.  J.  HAYES,  M.A.  Lond.,  First  in  First  Class  Honours  is  Classics 
both  at  Inter,  and  B.A.,  Gold  Medallist  in  Classics  at  M.A.r 
First  Class  Honourman  in  Classical  Tripos,  Cambridge  ;  Editor 
(with  A.  H.  Allcroft)  of  Horace"  Odes  I.,  II.,  Vergil's  Aeneid  X.  ; 
Author  of  Matriculation  Latin,  Intermediate  Greek,  A  Translation 
of  Xenophon's  Oeconomicus,  &c. 

R.  C.  B.  KERIN,  B.A.  Lond.,  First  in  First  Class  Honours  in 
Classics  ;  Editor  (with  C.  S.  Fearenside)  of  Plato's  Phaedo. 

L.  J.  LHUISSIER,  B.A.  Lond.,  First  in  Honours  both  at  Inter. 
Arts  andB.A.;  B.-es-Sc.  and  B.-es-L.  Paris;  also  of  Stutt- 
gart and  Strasburg  Universities. 

W.  H.  Low,  M.A.  Lond.  (German  and  English)  ;  Author  of  A 
History  of  English  Literature,  1485  to  1580,  and  1660  to  1714  ;  A 
Translation  of  the  Saxon  Chronicle  ;  Editor  of  Shakespeare's  Henry 
VIII. 

W.  F.  MASOM,  B.A.  Lond.,  First  Class  Honours  (Classics)  at 
B.A.,  French  and  English  Honours  at  Inter.  Arts,  Second  in 
Honours  at  Matric.,  University  Exhibitioner;  Editor  of 
Tacitus?  Annals  I.,  Herodotus  VI.  ;  Author  of  A  History  of  Rome 
to  the  Death  of  Augustus,  Intermediate  Latin,  Synopses  of  Roman 
and  Grecian  History  ;  Editor  (with  S.  Barlet)  of  A  French  Prose 
Reader,  An  Advanced  French  Reader. 

R.  W.  STEWART,  B.Sc.  Lond.,  First  in  First  Class  Honours  in 
Chemistry  at  Inter.  Science,  and  First  in  First  Class  Honours  in 
Physics  at  B.Sc.  ;  Author  of  A  Text-Book  of  Heat  and  Light,  A 
Text-Book  of  Magnetism  and  Electricity. 

J.  WELTON,  M.A.  Lond.,  First  of  his  year  in  Mental  and  Moral 
Science,  bracketed  equal  as  First  of  the  B.A.'s  at  Degree  Exam., 
Honours  in  French  at  B.A.  and  in  English  at  Inter.,  First  in 
First  Class  Honours  in  Moral  Sciences  Tripos,  Cambridge;  Author 

a]   n,of  A  Manual  of  Logic. 

A.  J.  WYATT,  M.A.  Lond.,  First  of  his  year  in  Branch  IV.  (English 
and  French),  Teacher's  Diploma  ;  Author  of  Notes  on  the  Shep- 
herd's Calender,  Notabilia  of  Anglo-Saxon  Grammar,  A  Translation 
of  Havelok  the  Dane,  A^enbite  of  Inwit,  &c. 


ADVERTISEMENTS. 


TUTORS  OF  UNIV.  CORK.  COLL.— continued. 

The  following"   Tutors  are  on  the  regular  staff  of  University 
Correspondence  College,  and  engage  in  no  other  teaching  :— 

A.  H.  ALLCROFT,  B.A.  Oxon.,  First  Class  Classical  Honourman  at 
Moderations  and  Final  Examination;  Editor  of  Livy  I.  and 
XXI.,  Sophocles'  Antigone,  Horace'1  Odes  I.,  II.,  Vergil's  Aeneid 
IX.,  X.  ;  Author  of  A  History  of  Sicily,  The  Reign  of  Augustus, 
The  Early  Principate,  Latin  Syntax  and  Composition. 

T.  W.  EDMONDSON,  B.A.  Lond.,  First  in  Honours  at  Matriculation ; 
University  Exhibitioner. 

C.  S.  FEARENSIDE,  M.A.  Oxon.,  Honourman  in  Modern  History  and 
Classics  (First  Class)  ;  Author  of  A  History  of  England,  1485  to 
1580,  and  1660  to  1714;  Editor  of  Plato's  Phaedo,  and  (with  S. 
Moses)  of  Cicero  De  Finibus  I. 

Gr.  E.  GLADSTONE,  B.A.,  LL.B.,  Mathematical  Honourman. 

H.  M.  GRINDON,  M.A.  Lond.,  Classical  Honourman;  Author  of  A 
Translation  of  Livy  I. 

H.  H.  JOHNSON,  B.A.  Lond.,  First  Class  Honours,  University 
Prizeman  in  English;  Author  of  A  Glossary  to  Aelfric's  Homilies. 

H.  J.  MAIDMENT,  B.A.  Oxon.  and  Lond.,  First  Class  Honours. 

A.  A.  IRWIN  NESBITT,  M.A.  Classical  Honours,  late  Professor 
M.  A.  0.  College,  Aligarh,  India :  Author  of  A  Translation  of 
Vergil's  Aeneid  and  Georgics  III.,  IV.,  C<esar's  Gallic  War  V.,  VI. 

C.  P.  F.  O'DWYER,  B.A.  Lond.,  Classical  Honourman. 

F.  P.  SHIPHAM,  M.A.  Lond.,  Classical  Honourman;  Author  of  A 
Translation  of  Vergil's  Georgics  I.,  II. 

W.  H.  THOMAS,  B.Sc.  Lond.,  First  in  First  Class  Honours  in 
Chemistry. 

J.  THOMPSON,  B.A.  Camb.,  First  Class  Honourman  in  Classical 
Tripos,  Parts  I.  and  II. ;  Author  of  A  Translation  of  Tacitus1 
Annals  I.  ;  Editor  of  Higher  Greek  Extracts. 

T.  THRELFALL,  M.A.  Oxon.,  Double  Honours  Natural  Science 
and  Mathematics  (First  Class). 

H.  K.  TOMPKINS,  B.Sc.  Lond.,  F.C.S.,  F.I.C.,  Honourman  in 
Chemistry  at  B.Sc. 

H.  G.  WELLS,  F.Z.S.,  Second  in  Honours  in  Zoology  at  Int.  Sc. 
Lond. 
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Additional  Tutors  for  Special  Subjects. 

HBINRICH  BAUMANN,  M.A.  Lond.,  First  in  First  Class  Honours  at 
Inter.  Arts  and  B.A.  both  in  French,  and  German. 

G.  H.  BRYAN,  M.A.,  Fifth  Wrangler,  First  Class,  First  Division, 
in  Part  II.,  Smith's  Prizeman,  Fellow  of  St.  Peter's  College, 
Cambridge  ;  Author  (with  W.  Briggs)  of  Co-ordinate  Geometry. 

ROBERT  BRYANT,  D.Sc.  Lond.,  B.A.  Lond.,  Assistant  Examiner 
in  Mathematics  at  London  University. 

A.  F.  BURNET,  M.A.  Lond.,  qualified  for  Gold  Medal  in  Classics  ; 
Author  of  A  Translation  of  Terence1  Adelphi. 

J.  H.  DIBB,  B.Sc.  Lond.,  Double  Honours,  Mathematics  and 
Physics. 

0.  H.  DRAPER,  D.Sc.  Lond.,  B.A.  Lond.,  Teacher's  Diploma. 

J.  W.  EVANS,  B.Sc.  Lond.,  LL.B.  Lond.,  First  in  First  Class 
Honours. 

J.  M.  GOVER,  LL  D.  Lond.,  First  in  First  Class  Honours  in  Juris- 
prudence and  Roman  Law,  University  Law  Exhibitioner. 

J.  H.  HAYDON,  M.A.  Camb.  and  Lond.  (Br.  I.  &  IV.),  Exhibi- 
tioner in  Latin  at  Inter.  Arts.  Univ.  Scholar  in  Classics  at  B.A., 
Gold  Medallist  at  M.A. ;  First  Class,  First  Div.,  Classical  Tripos  ; 
Assistant  Examiner  at  London  University;  Author  (with  A. 
H.  Allcroft)  of  A  History  of  the  Early  Pfincipate. 

II.  E.  JUST,  M.A.  Lond.,  Double  Honours  in  French  and  German 
(First  Class),  First  in  First  Class  Honours  at  Inter.  Arts. 

SiMUEL  RIDEAL,  D.Sc.  Lond.  (Chemistry),  Gold  Medallist ;  Assistant 
Examiner  to  the  Science  and  Art  Department. 

F1.  RYLAND,  M.A.,  Second  in  First  Class  Honours  in  Moral  Sciences 
Tripos,  Cambridge ;  Examiner  for  the  Moral  Sciences  Tripos  ; 
Author  of  A  Manual  of  Psychology  and  Ethics  for  Lond.  B.A.  and 
B.Sc.,  &c. 

H.  C.  A.  TARRANT,  B.A.  Lond.,  First  Class  Honourman  in  French. 

A.  vH.  WALKER,  D.Mus.  Lond.,  10th  in  Honours  at  Matriculation, 
and  Honourman  in  Classical  Tripos. 
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AT  MATRICULATION,  JUNE,  189O, 

nni.iu'rT    '  —  ~  — 

1O5  U.  C.  C.  Students  passed, 

forming  one-eighth  of  the  entire  list, 

with  lOth,  13th,  and  17th  places  in  Honours. 

In  Jan.,   1890,  U.  C.  C.  Students  also  formed  one-eighth  of  the 

Pass  List,  with  2nd,  8th,  and  17th  places  in  Honours. 

In  June,  1889,  78  U.C.C.  Students  passed. 

'•F     ni    t>-ti5L  ^     •'• 

AT  INTER.  ARTS,   189O, 
8O  U.  C.  C.  Students  passed  ; 

2O  in  Honours,  one  with  a  first  place,  and  two  with  second  places. 
51  also  passed  the  Inter.  Sc.  and  Frel.  Sci.  Exams., 

2.  ^  Honours. 
: 

AT     B.A.,     1889, 

TO  U.  C.  C.  Students  passed. 
Of  these  16  Students  took  Honours. 

«i  j      i  -r»  «          n      x       v  i          a     a   it  v   i. 

6  also  passed  at  B.Sc.,  2  of  whom  headed  Honour  lists. 


'.  iBioM   ni          AT    M.A..    1890. 
;  aoqhT  8o-moi.->,          -  '  ...... 

5  Students  of  Univ.  Corr.  Coll.  passed. 

g^ 

In  18S9,  two  passed  in  Branch  I.,  and  in  1888 

One  headed  the  Mental  and  Moral  Science  List. 

.H   .1: 
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Full  Prospectus,  Pass  Lists,  and  further  information  may  be  had 
post  free  on  application  to  the 

SECRETARY,  12  ,  Booksellers  Row,  Strand,  W.C. 
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